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For Diesel Engines 
of up to 500 b.h.p. 
per cylinder 


C.A.V. fuel injection equipment for compression 
ignition engines is made in a range of sizes 
suitable for engines from the smallest portable 
up to large units for power station and marine 
duty. As the largest manufacturers of this type 
of equipment in the world, C.A.V. offer 
unrivalled experience and technical facilities to 
all diesel engine builders in the achievement of 
highest efficiency. The research and development 
laboratories are excellently equipped and are 
amongst the best in the country. World-wide 
service for C.A.V. equipment is provided in over 
100 countries by depots and agents (including 
over 120 in Great Britain) where technical 
assistance and maintenance equipment are 
always available. 
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Description, see Page 673.) 
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ROLLS-ROYCE GAS TURBINE 
FOR MARINE PROPULSION. 


In the gas-turbine field the name of Rolls-Royce 
has been associated principally with the use of this 
form of prime mover for aircraft propulsion, the 
policy of the firm having been to apply the experi- 
ence gained in this field to others in which it is con- 
sidered likely to show an improvement on existing 
practice. Such a field is marine propulsion and 
it is this application of the gas turbine with which 
we are now concerned. At the end of the war, 
discussions between the Admiralty and Rolls- 
Royce, Limited, Derby, led to the placing of a 
contract with the firm for the design and construc- 
tion of two experimental gas turbines suitable for the 
propulsion of light high-speed naval vessels. The 
detail design work was commenced in January, 1948, 
and the prototype engine, known as the R.M.60, 
ran for the first time in June, 1951, developing 90 per 
cent. of the design horse-power, which was 6,000. 

The engines were intended for installation in 
H.M.S. Grey Goose, a gunboat of 220 tons displace- 





by using a heat exchanger to conserve the heat in 
the exhaust gases. To give flexibility and ease of 
handling, the power turbine is made mechanically 
independent of the compressor turbines. Air, 
which enters the engine at the forward end, first 
enters a low-pressure axial compressor which delivers 
it to a two-stage high-pressure centrifugal com- 
pressor, sea-water cooled intercoolers being located 
in the duct between the low-pressure and high- 
pressure compressors and between: the two stages 
of the latter. From the second stage of the high- 
pressure compressor air is passed through a heat 
exchanger in the exhaust outlet to the two combus- 
tion chambers into which the fuel is injected and 
burnt. The hot gases from the combustion cham- 
bers are passed in succession through a single-stage 
high-pressure turbine, a two-stage power turbine 
and a two-stage low-pressure turbine. These three 
turbines are mechanically independent, although 
the first two of them are coaxial. The high-pres- 
sure turbine drives the high-pressure compressor, 
the power turbine drives the propeller through 
reduction gearing and the low-pressure turbine 
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axes of the low-pressure turbine and compressor. 
Three fabricated-steel mounting frames, best shown 
in the photograph reproduced in Fig. 1, are used ; 
one to carry the high-pressure unit and reduction 
gearing and the other two to support the low-pres- 
sure unit and the heat exchanger respectively. 
The mounting frames for the high-pressure and low- 
pressure units rest on two parallel ship’s longitudinal 
structural members which occupy the full length 
of the engine room. As will be clear from Fig. 2, 
the high-pressure intercooler is carried on the high- 
pressure unit mounting frame, the low-pressure 
intercoolers being mounted independently on the 
ship’s structure. The engine is a self-contained 
power unit embodying everything necessary for 
running, excepting the main fuel tanks, the oil- 
supply system, the sea-water system, and the 
electrical supply for starting and motoring. The 
total weight of the engine, excluding the propeller 
and shafting, is 13 tons and the full power rating, 
with an ambient temperature of 15 deg. C. of the 
air and the sea-water supplied to the intercoolers, 
is 5,400 brake horse-power. 
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Fic. 3. Powrr TURBINE. 

ment, 137 ft. 9 in. in length between perpendiculars 
and of 20 ft. beam, originally propelled by two 
4,000-h.p. steam turbines giving her a speed of 
35 knots. At the time the turbines were built, 
they represented the lightest steam machinery 
available for naval purposes, have a specific weight 
of about 14 Ib. per brake horse-power. The gas 
turbines, however, will give an increase of 50 per 
cent. in the power developed, with a reduction of 
50 per cent. in the weight of machinery and a saving 
of about 25 per cent. in the machinery space. This 
saving has been made possible by making use of the 
firm’s aero-engine experience in the design of many 
of the gas-turbine components. It may be noted 
here that to provide a convenient means of revers- 
ing, and to facilitate the handling of the ship at low 
speeds, each turbine is arranged to drive a variable 
and reversible-pitch propeller. 
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OPERATING CYCLE. 

To satisfy naval requirements for an engine cap- 
able of developing a wide range of power together 
with an economical low-power cruising speed, a com- 
pound cycle was selected, the power range require- 
ment being met by using both low and high pressure 
Compression with intercooling between the stages. 
Economical cruising is achieved by careful matching 
of the low and high pressure compressors and also 





























Fic. 4. Hiau-PREssURE TURBINE. 


drives the low-pressure compressor. The turbine 
exhaust passes through the heat exchanger, pre- 
viously mentioned, which is fitted with a hand- 
operated by-pass valve to enable the speed of the 
low-pressure compressor to be adjusted to suit air 
densities corresponding to temperatures lower than 
that of the standard tropical atmosphere for which 
the engine was designed. 


CONSTRUCTIONAL FEATURES. 


Owing to the narrow beam and restricted head- 
room in the Grey Goose it was necessary to design the 
engines in a long and narrow form, as will be clear 
from the longitudinal section, Fig. 2, on Plate 
XXXVI, and the photograph reproduced in Fig. 1, 
on the same Plate. The length of the engine is 
approximately 30 ft., and it was therefore necessary 
to allow for the twisting and deflection of the hull. 
This was accomplished by dividing each engine into 
two basic units connected only by flexible-jointed 
ducting. To avoid excessive losses in the high- 
temperature ducting between the turbines the shaft- 
ing of the power turbine passes through the rotor 
bores of the high-pressure turbine and compressor, 
there being no mechanical interconnection between 
these units except for roller intershaft bearings. 
As will be seen in Fig. 2, the power shaft line of the 
engine is raked at an angle of 9 deg. relative to the 








Low-PrREssvuRE UNIT. 

This comprises the low-pressure turbine, the 
exhaust unit, the low-pressure axial compressor and 
its discharge casing; it is supported on the low- 
pressure mounting frame by a three-point trunnion 
system which allows for thermal expansion and 
hull distortion. The low-pressure compressor, shown 
in section on the extreme left of Fig. 2, consists of an 
1l-stage rotor assembly housed in an aluminium 
casing which carries the inlet and outlet guide 
vanes and the intermediate stator blades. The 
blading is of bronze throughout and the rotor shaft 
and discs are of stainless steel. The compressor is 
cantilevered off its discharge casing and will protrude 
through the forward engine-room bulkhead into a 
air-settling compartment, the object of which is 
to remove sea-water spray. A gauze screen is 
fitted over the compressor inlet and carries a spray 
nozzle to enable fresh water to be injected into 
the compressor to remove salt deposits from the 
blading. The two-stage low-pressure turbine is 
directly coupled to the compressor through a 
floating coupling which enables the compressor to be 
removed without difficulty. The turbine discs are 
of ferritic steel and are carried on a hollow steel 
shaft running in ball and roller bearings. Forward 
of the low-pressure turbine is a fabricated sheet-steel 
exhaust unit which collects the exhaust gases and. 
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Fie. 5. Hieu-Sprep REpucTION GEAR. 


directs them upwards through the heat exchanger 
and out to the atmosphere. The exhaust unit is 
carried by bellows-type supports and connects to a 
flexible plate at the base of the heat exchanger in 
order to accommodate thermal expansion. 


Hicu-PreEssurRE UNIT. 

The high-pressure unit consists of the power and 
high-pressure turbines, illustrated in Figs. 3 and 4, 
respectively, on page 673, the intermediate air casing, 
the two-stage high-pressure compressor and the 
high-speed reduction gearbox. The entire assembly 
is bolted together to maintain the alignment of the 
high-speed shafting and is supported in the high- 
pressure mounting frame by a three-point trunnion 
system which allows for thermal expansion and hull 
distortion. The high-pressure turbine, Fig. 4, 
consists of a single overhung steel disc located in 
front of a steel nozzle box which directs the hot 
gases from the two combustion chambers through 
nozzle guide vanes on to the turbine blading. This 
turbine is coupled directly to the shaft of the 
high-pressure compressor through a muff coupling 
supported in the intermediate air casing. The 
impellers of the high-pressure compressor are of 
stainless-steel and are mounted on an articulated 
shaft. Each impeller is fully shrouded, carries 
integral guide vanes and is surrounded by a steel 
diffuser ring. 

The two-stage power turbine, Fig. 3, is bolted to 
the forward face of the high-pressure turbine casing, 
the shaft of the former passing through the hollow 
shafting of the high-pressure turbine and com- 
pressor, as will be understood on reference to Fig. 2. 
A second muff coupling, inside that previously 
mentioned, connects ihe power turbine to the double- 
helical pinion of the high-speed reduction gear. 
It will be clear that these arrangements enable the 
complete turbine unit to be removed for overhaul 
without disturbing the various auxiliary drives 
housed in the intermediate air casing. The pinion 
of the high-speed reduction gear meshes with three 
gearwheels with their axes arranged at angles of 
120 deg. around the pinion, as clearly shown in 
Fig. 5, on this page, and from the gearwheels the 
drive is transmitted to the low-speed gearbox by 
flexible layshafts which accommodate any misalign- 
ment due to distortion of the hull or of the mounting 
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frame. Longitudinal location of the gears is 
effected by a small Michell thrust bearing mounted 
on the driving pinion. The casings of the high- 
pressure unit are made of aluminium alloy, with the 
exception, of course, of the turbine casings which 
are of heat-resisting steel. 


Low-SPEED REDUCTION GEAR. 


The low-speed reduction gear, illustrated in 
Fig. 6, is bolted to the rear of the high-pressure 
mounting frame and, as will be clear from the 
illustration, comprises a central bull gear and three 
double-helical pinions driven by the layshafts from 
the high-speed reduction gear. Vernier couplings 
are provided so that the drive can be distributed 
equally between the three pinions, and ‘idlers are 
fitted between the pinions and bull gear so that the 
direction of rotation of the propeller can be altered 
to suit a two-shaft installation. The drive is 
transmitted from the bull gear to the propeller 
stub shaft through a quill-type coupling which 
gives some flexibility and also reduces the possibility 
of propeller-shaft distortion and axial vibration 
being transmitted to the teeth of the bull gear. 
The forward end of the stub shaft carries the main 
Michell thrust collar which is housed in the rear 
panel of the mounting frame together with the 
propeller-thrust meter and its connections. The 
rear end of the stub shaft forms the front plate of 
the operating cylinder of the Rotol propeller. The 
propeller-shaft speed is 675 r.p.m. 

Each of the three power-input shafts is fitted at 
its rear end with a Rolls-Royce electro power 
meter which uses the torsional deflection and speed 
of the layshafts to give a continuous indication of 
the brake horse-power being delivered to the 
propeller shaft. The low-speed gearbox also 
includes drives for the oil pump, tachometer and 
Rotol-propeller governor unit. It may be. of 
interest to mention that free-wheels are fitted in 
the oil-pump drives to cause the pumps to rotate 
in the same direction irrespective of the rotation 
of the propeller; this also ensures adequate 
lubrication if the propeller should ‘“‘ watermill” in 
an opposite direction to the normal drive. As a 
further precaution, the oil pumps are duplicated 
by electrically-driven pumps which are energised at 
low speeds by a pressure-operated switch. 
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Heat ExcHANGER. 


The heat exchanger, shown on the left in Fig. 2, 
is constructed of fabricated steel, and comprises 
two horizontal matrices of U-shaped stainless-steel 
tubes around which the exhaust gas passes in a 
vertical direction. A by-pass channel is provided 
between the two matrices and the flow of hot gas 
through this channel is controlled by butterfly 
valves operated from the control panel. Air from 
the high-pressure compressor is delivered to the 
upper leg of the U-tubes and is supplied from the 
lower leg to the two combustion chambers through 
stainless-steel collector boxes fitted to the end 
plates. The arrangement is best shown in the 
photograph reproduced in Fig. 1, on Plate XXXVI, 
although only one combustion chamber, that on the 
starboard side, is visible in that illustration. As 
shown to the right of the uptake, in Fig. 2, hot 
gas is ducted from the heat-exchanger inlet to an 
ejector which induces a flow of cool air round the 
turbine casings and the inter-turbine ducting to 
reduce the temperature of the engine room. At 
low engine speeds the air flow through the ejector 
is supplemented by air bled from the low-pressure 
compressor. 


COMBUSTION CHAMBERS AND FvuEL SystTEM. 

A sketch of one of the two combustion chambers 
is reproduced in Fig. 7, opposite. They are of 
normal aircraft design and construction, with a 
stainless-steel air casing and a flame tube and 
swirl-vane assembly of Nimonic 75 alloy. The 
burner is fitted axially and injects fuel downstream 
through three concentric metering orifices. A torch 
igniter, with a fuel atomiser and _ high-tension 
sparking plug, is fitted to initiate lighting-up 
during the starting cycle. Both burners and igniters 
are cooled by air tapped from the high-pressure 
compressor. Fuel is injected into each combustion 
chamber through a triple-orifice burner, the fuel 
being proportioned between the orifices by dual 
pressurising valves. The fuel is supplied by two 
engine-driven high-pressure plunger pumps, the 
delivery from which is controlled by varying the 
stroke of the plungers hydraulically through 4 
servo system. Fuel is supplied to the main high- 
pressure pumps by a vane-type low-pressure pump, 
through a filter and flow meter. During starting, 
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fuel is supplied to the torch igniters by an 
electrically-driven vane-type pump through a 
solenoid-operated shuttle valve. 


LUBRICATION SYSTEM. 

The three main engine units with independent 
rotating-shaft systems, namely, the low-pressure 
and high-pressure units and the reduction gears, 
are each provided with pressure and scavenge oil 
pumps. Each pressure pump is supplied from a 
common oil tank and the scavenge oil is returned to 
the tank through a cooler. Oil losses, due to air 
leakage into the bearing compartments of the high- 
pressure unit, are kept down to a minimum by 
cyclone breathers and the oil consumption for the 
complete engine is only about two pints per hour. 
A dual oil filter is fitted on the delivery side of 
each pressure pump and a differential pressure 
gauge is fitted across each filter. If necessary, the 
elements can be changed while the engine is running. 


INTERCOOLERS. 

The low-pressure and high-pressure intercoolers, 
clearly shown in Fig. 2, are of similar construction, 
both consisting of a fabricated steel casing carrying 
an annular matrix of cupro-nickel tubes and end 
plates. Sea-water is circulated through the tubes 
from water boxes of aluminium bronze and the air 
to be cooled passes in cross flow between the tubes. 
The low-pressure intercooler is fitted with a central 
dividing plate which causes the air to pass twice 
across the matrix while the water passes once 
through the tubes. In the high-pressure inter- 
cooler, on the other hand, single-pass air flow is 
used with double-pass water flow. Sea-water cir- 
culation is effected mainly by scoop action, but a 
small engine-driven pump is provided to circulate 
water through the high-pressure intercooler at low 
forward speeds, or when the vessel is going astern. 


PROPELLER. 

Each engine drives a Rotol three-blade variable- 
pitch propeller of the type illustrated and described 
in our issue of November 6, 1953, on page 582. 
The blades are 5 ft. 6 in. in diameter and have a 
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total pitch range of 100 deg., from 45 deg. astern, 
through feather and ahead pitches, to 35 deg. ahead. 
This arrangement provides a very convenient method 
of reversing the direction of travel of the ship while 
enabling the best combination of propeller pitch 
and engine revolutions to be obtained to ensure the 
maximum propulsive efficiency for any operating 
condition. For the operation of the propeller 
blades, oil is admitted to the front end of the pro- 
peller stub shaft through a muff on the rear panel 
of the high-pressure mounting frame and passes 
through oil transfer tubes to the propeller-operating 
cylinder situated immediately aft of the low-speed 
reduction gear, as shown in Fig. 2. The movement 
of the operating piston is transmitted down the centre 
of the propeller shaft by a push rod which operates 
the propeller blades through cranks in the hub. 


PERFORMANCE OF COMPRESSORS AND TURBINES. 


Before dealing with the performances of the 
individual organs of the engine we may point out 
that the consideration of them may be assisted by 
an inspection of Fig. 2, Plate XX XVI, on which the 
pressure, velocity and temperature of the air and 
gases are indicated at the most important points. 
The maximum gas temperature is 827 deg. C. and 
the maximum cycle pressure 265 Ib. per square inch, 
giving a pressure ratio of 18:1; the overall mass 
flow is 65 lb. per second. 

As the low-pressure compressor is required to 
operate over a wide range of speeds, it was necessary 
for the design to provide the highest possible 
efficiency for the whole speed range. This has been 
accomplished as shown in Fig. 8, but has led to a 
sacrifice of approximately 2 per cent. in. the effici- 
ency at the design speed of 7,460 r.p.m. To reduce 
duct velocities and to minimise pressure losses, 
the compressor was designed to give an outlet 
velocity of 300 ft. per second with an inlet velocity 
of 500 ft. per second. Overall temperature adiabatic 
efficiencies are shown in the graph, Fig. 8, and 
include the pressure losses in the discharge diffuser, 
volute and outlet elbow system which account for 
about 1-5 per cent. The inlet temperature was 
15 deg. C. 





The high-pressure compressor is a two-stage unit 
of the centrifugal type with inter-stage cooling. 
In contrast with the wide efficiency range required of 
the low-pressure compressor the high-pressure com- 
pressor is designed to attain its peak efficiency at 
the design speed of 15,000 r.p.m. The adiabatic 
efficiency of each stage, based on temperature-rise 
measurements, is 80 to 82 per cent. at the design 
speed. If, however, the overall efficiency at design 
speed with intercooling is based on the sum of the 
separate stage temperature-rise figures the figure 
obtained is 88 per cent., and if based on the shaft 
power obtained from the test-plant dynamometer 
readings the corresponding figure is 84:5 per 
cent. 

The governing factor in the design of the high- 
pressure and power turbines was the mechanical 
arrangement of the output power shaft concentric 
with the high-pressure compressor shaft. The high- 
pressure turbine could have been designed with 
either one or two stages, the latter being probably 
the more efficient, but for various reasons, which 
need not be detailed here, the single-stage arrange- 
ment, involving high blade speed, was preferred. 
The small blade height of the single-stage high- 
pressure turbine and the associated narrow ducting 
into the nozzle guide vanes gave rise to distribution 
problems which, however, were overcome by ducting 
the hot gases from the combustion chambers into 
the turbine through a twin-volute entry. The 
overall efficiency of the turbine, with the entry 
ducting, is 85 per cent. at the turbine working 
pressure ratio of 2-4: 1. 

The operating range of the power turbine, we 
understand, is greater than has hitherto been 
experienced in gas turbines. It is required to work 
efficiently over a two to one speed range, from 
5,500 r.p.m. to 11,000 r.p.m., and the velocity of the 
gas leaving the turbine was required to be as low 
as possible in order to keep down the losses in the 
duct leading to the low-pressure turbine. To meet 
these requirements, a two-stage turbine was used 
with a peak efficiency of 89-5 per cent. The low- 
pressure turbine, which drives the low-pressure 
axial compressor, is a lightly loaded unit with a 
maximum efficiency of 88-5 per cent. The only 
design limitation was that the exit velocity of the 
gases should be as low as possible in order to keep 
down discharge losses. 


ConTRoL ARRANGEMENTS. 


The control of the engine is effected by a throttle 
handwheel and four levers which operate the starting 
throttle, the propeller pitch, the heat-exchanger 
by-pass and the fuel shut-off cock. When starting- 
up the engine, the throttle handwheel is closed 
and the starting throttle set partly open. As the 
heat exchanger warms up, less fuel is required to 
maintain the idling speed and the starting throttle 
is progressively closed until the engine is idling 
with the controls on the idling stops. With the high- 
pressure compressor-turbine set idling at about 
7,000 r.p.m., the low-pressure set is “ wind- 
milling ’ over at a very low speed. The automatic 
bleed valves are then open and bleeding off about 
5 per cent. of the compressor discharge. As the 
main throttle is opened up, the speed of the high- 
pressure set increases and the low-pressure com- 
pressor commences to boost the high-pressure com- 
pressor inlet. The bleed valves close progressively 
and are fully closed when 2,200 h.p. is reached, the 
low-pressure and high-pressure sets then running 
at about 5,000 and 14,000 r.p.m., respectively. 
Further throttle opening increases both these speeds 
until at about 4,700 h.p. the high-pressure set attains 
its maximum design speed of 15,000 r.p.m. and the 
fuel-pump governors come into operation. The 
throttle can then be opened fully without affecting 
the operation of the engine. The final portion of 
the power range, up to the maximum, is obtained 
by progressively opening the heat-exchanger by-pass. 
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This decreases the gas pressure drop across the 
heat-exchanger matrix, thus increasing the expan- 
sion ratio across the low-pressure turbine and 
speeding up the low-pressure set. With the 
by-pass fully open, the low-pressure set attains its 
design speed and the engine develops the maximum 
power at temperate intake conditions. At lower 
intake temperatures it is only permissible to open 
the by-pass sufficiently to give the design speed on 
the low-pressure set. 

An interlock is fitted between the engine throttle 
and the propeller-pitch control to prevent the pro- 
peller blades from being feathered while the engine 
is developing high power; otherwise the braking 
effect of the propeller would impose unacceptably 
high stresses on the power-transmission system. 
The interlock is set so that at 600 shaft horse-power 
and over, the propeller pitch is constant at 35 deg. 
At lower powers any pitch ahead or astern is avail- 
able, “stop” being obtained with the blades 
feathered. For cruising or manceuvring in open 
waters at powers below 1,200 shaft horse-power 
(600 h.p. from each engine) the ship can be controlled 
either on the throttle, by adjusting the propeller 
pitch, or by using both methods together. In 
confined waters, however, where ahead or astern 
power may be required quickly in an emergency, 
the throttle can be set at 600 shaft horse-power 
and the ship controlled entirely by variation of the 
propeller pitch. To stop the engine, the fuel supply 
to the burners is cut off by closing a cock in the high- 
pressure delivery line. Centrifugal bolt trips are 
also arranged to close the shut-off cock if the speed 
of either the high-pressure or power turbines should 
exceed a predetermined maximum. To start up, 
a flame is initiated in the combustion chambers 
of the torch igniters indicated in Fig. 7, and the high- 
pressure turbine and compressor shafting is rotated 
by a 40-h.p. motor driving through auxiliary gears 
in the intermediate air casing. By inserting a 
resistance in the starting-motor circuit the shafting 
can be motored over slowly for periods up to 
20 minutes. To avoid a complicated starting drill 
when starting up, the starting cycle is controlled 
through an automatic panel which incorporates a 
time switch and relays to energise the circuits as 
required. The cycle is completed within 30 seconds 
after depressing the starter button, when the time 
switch de-energises the starting circuits. 

In conclusion, reference may be made to the 
graph, Fig. 9, page 675, which shows the specific 
consumption curve obtained on a test bed in the 
Derby works using Pool gas oil as fuel. It will be 
seen that the minimum consumption was 0-622 Ib. 
per brake horse-power per hour over the power range 
3,750 to 4,800 brake horse-power. The curve was 
obtained at air and water temperatures of approxi- 
mately 12 deg. C., using propeller-law power-turbine 
speeds, and the results have not been corrected for 
temperature. Ax full power the specific fuel con- 
sumption is 0-66 ib. per brake horse-power per hour 
and the thermal efficiency 21-2 per cent. We trust 
that in due course the results of sea trials of the 
Grey Goose will be published as they will certainly 
be of considerable interest. 





ELEcTRIC OVEN FOR HEAT TREATMENT.—A forced- 
air circulation oven for the prolonged heat treatment 
of metal parts has been constructed by the General 
Electric Co., Ltd., Kingsway, London, W.C.2. It 
is of the double-cased type, well insulated and occupies 
the minimum of floor space. It contains 12 per- 
forated swing trays, which are suspended from rods 
and are brought to the unloading position by twin- 
operated chain conveyors, which can be manually 
operated through gearing from either side of the 
oven. The trays can also be loaded or unloaded 
from either side. The oven, which is electrically 
heated, is rated at 25 kW for operation at 250 deg. C. 
and is designed for connection to a three-phase four- 
wire circuit. The heating elements are contained in 
a case between the oven body and the fan outlet. 
Automatic control, including an excess-temperature 
cut-out, is provided. 
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Diamond Technology: Production Methods for 
Diamond and Gem Stones. 

By Pau. GropzinskI, A.M.I.Mech.E. Second edition. 

N.A.G. Press, Limited, 226, Latymer-court, London, 

W.6. [Price 52s. 6d.) 

Tuts excellent manual, by an acknowledged 
specialist, appeared first in 1942 under the title of 
Diamond and Gem Stone Industrial Production. 
Though now described by the publishers as a 
“revised and enlarged edition,’ it contains so 
much additional matter as to rank almost as a new 
book. A great deal of the added material has been 
published previously in the Industrial Diamond 
Review, of which Mr. Grodziaski is editor, or in the 
Gemmologist ; but these‘are specialised publications, 
not to be found in every engineering library, and 
many users of diamonds will be glad to have the 
information in book form. The contents are 
arranged in two parts, dealing respectively with 
“General Manufacturing Methods” and “ Special 
Manufacturing Methods,” each containing a number 
of chapters devoted to the separate processes 
involved in the cutting and finishing of the stones, 
and the methods of mounting them. There is a 
bibliography that is adequate enough for the 
requirements of most readers, and a reference to the 
List of Books and Pamphlets in the library of the 
Industrial Diamond Information Bureau enables it 
to be supplemented if desired. There is a name 
index as well as a subject index, and an appendix 
which is, in effect, an expanded glossary of the 
materials used and of gem stones, etc., in general. 

A feature that must impress the reader who is 
not directly concerned with the cutting and polish- 
ing of gem stones is the craftsmanship required to 
carry out many of the operations ; a manual skill, 
in fact, and an inherited knowledge such that no 
machine has been devised yet that will perform 
them with equal certainty and precision. One of 
the earliest illustrations in the book (Fig. A, on 
page 6) shows the process of grinding a stone by 
hand; on it the author comments in a footnote 
that, “if this picture is memorised correctly, it is 
hardly necessary to read some chapters of the book 
at all.” This is, perhaps, an exaggeration, for no 
illustration could convey all the practical detail 
that the book contains, and certainly it could not 
impart, any more than the text can do, the impulses 
that the sensitive fingers of the skilled operator 
pass to his brain, in just that fraction of a second 
that may divide perfection from relative disaster. 





The Dimensioning of Engineering Drawings. 

By Dr. W. ABBOTT, C.M.G., O.B.E., M.I.Mech.E. 

Blackie and Son, Limited, 17, Stanhope-street, 

Glasgow, C.4. [Price 10s. 6d.) 
Tuat a book of 186 pages could be written on the 
subject of dimensioning engineering drawings, and 
without any redundancies or wasted words, seems 
at first improbable; but Dr. Abbott has done it, 
with all the clarity on which we have remarked in 
reviewing his previous books, and, now that he 
has done it, the impression that remains is one of 
surprise that the engineering industry has managed 
to do without it for so long. There have been a 
few other publications on the subject, but, for the 
most part, they have either fallen far short of 
completeness or have approached it from the stand- 
point of another country. War-time and Service 
requirements enforced closer interchangeability 
between British engineering products and those of 
North America than was ever attained before, and 
led to the publication by H.M. Stationery Office of 
an excellent manual on Dimensional Analysis of 
Engineering Designs. Dr. Abbott has produced a 
comprehensive work which is likely to achieve the 
status of an accepted classic. Incidentally, it is 
worth reading as an example of clear exposition. 
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UNIFIED BOILER CONTROL 
AT TRAFFORD POWER 
STATION. 

By 8. E. Saaw. 

IncrEAstnG fuel costs and the need to obtain 


the last available kilowatt of output have led to 
a number of suggestions for improving the overall 


efficiency of modern power stations. Though in the - 


main, research has been directed towards increasing 
the efficiency of steam generators, turbines 
and alternators, where a fractional improvement 
may lead to major fuel economy or increased 
load capacity, a substantial, if less spectacular, 
saving may also be obtained by reducing the 
electricity consumed by the station auxiliaries. An 
example of this with the subsequent operational 
improvement, is the installation in the Trafford 
Power Station, of the North Western Division of 
the British Electricity Authority, where the Metro- 
politan-Vickers system of unified boiler control has 
been applied to four Babcock and Wilcox boilers. 
Two of these boilers, with an individual output of 
180,000 Ib. of steam per hour at a pressure of 600 Ib. 
per square inch and a temperature of 800 deg. F., 
were installed in 1941, current for the auxiliaries of 
each being supplied by 520-h.p. Ward-Leonard 
motor-generator sets. The two later boilers were 
installed in 1947-48, and are of special interest in 
that they were the first in this country to draw their 
auxiliary power from grid-controlled mercury-are 
rectifiers. 

This power is obtained from the station auxiliary 
*bus-bars at 6-6 kV, each boiler being supplied 
through a single oil circuit-breaker, as shown 
diagrammatically at a in Fig. 2, page 677, which 
directly controls a 414-kW 6,600/470-volt three to 
six-phase transformer b with three electrically separ- 
ate triple-fork connected secondary windings. Tee’d 
off this 6-6-kV feeder, through high-rupturing capa- 
city fuses c, is a connection to a 5-5-kW transformer 
d which supplies current to the 5-5-kW 110-volt 
direct-current excitation rectifier e. A tertiary 
winding f on this transformer also _ supplies 
alternating current at 110 volts to the rectifier 
auxiliaries. The transformer windings are protected 
from rectifier surges, which may be induced by arc 
failure when starting the equipment from cold, 
by ‘‘ Metrosil” surge diverters in the rectifier 
cubicles, while static earthing devices connected to 
the direct-current negative (transformer neutral) 
give protection against failure of the insulation of 
the high-voltage winding. 

Direct-current is supplied to the armatures of 
the motors driving the induced and forced draught 
fans and stokers on each boiler from a bank of 
three glass-bulb grid-controlled mercury-arc recti- 
fiers g. These rectifiers operate in parallel, the 
combined capacity of each bank being 414 kW 
at 0/500 volts. Load sharing between the bulbs 
is effected by connecting each of them separately 
to one of the three secondary windings of the 414-kW 
transformer. Fig. 1, page 677, shows one of the 
three cubicles of which each bank is comprised, the 
cooling fan and “‘ peaking” unit transformer, being 
visible directly below the glass bulb. This peaking 
transformer provides the positive peak impulses 
which overcome the constant negative bias applied 
to the rectifier grids, thus allowing the anode 
affected to strike an arc to the mercury-pool 
cathode. The phase difference between the power 
wave on the anode and the instantaneous grid 
impulse determines the instant at which the are will 
strike, and hence the voltage of the direct-current 
output. This phase difference is controlled by the 
angular movement of the secondary winding of the 
associated phase shifter. The bulbs are fitted 
with normal automatic ignition and excitation 
equipment. The enclosed cabinet above the bulb 
houses the six high rupturing capacity anode fuses, 
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Quant 


Fig. 1. 


which are designed to protect the bulb and trans- 
former windings from the mechanical stresses 
induced by an unrestricted backfire. Immediately 
behind these fuses is the cathode isolator, the fuses 
and isolator combined providing an easy means of 
isolating any cubicle in an emergency. 

Beyond the main rectifier cubicles shown on the 
left in Fig. 3 is the single cubicle of the 5-5-kW 
motor-excitation rectifier. This is a three-anode 
free-firing glass-bulb rectifier giving a direct-current 
output at 110 volts, from which the direct-current 
excitation *bus-bars are fed through a circuit- 
breaker. The phase-shifter is between the main 
rectifiers and the direct-current switchboard, 
which is shown in the foreground of the same 
illustration. The main direct-current supply is 
taken to the *bus-bars behind the switchboard 
through a two-pole circuit-breaker which is fitted 
with overload and reverse-current tripping. From 
these *bus-bars the fan and stoker motor armatures 
are supplied in parallel, the motor fields being 
similarly fed from the 110-volt direct-current 
*bus-bars. The current is supplied to each motor 
through a four-pole (two-armature, two-field) iso- 
lator, the six isolators for the two stoker motors, 
the two forced-draught and two induced-draught 
fan motors on each boiler being visible on the third 
panel of the board and being shown at A in Fig. 2. 
The extreme left-hand panel carries the main 
isolator, which is shown open and connects the 
rectifier output to the “ hospital” *bus-bars. These 
"bus-bars run the whole length of the switchboard 
and include the sections, not shown, for the two 
older boilers, which, as has been said, are supplied 
with power by motor-generator sets. Any rectifier 
or motor-generator set may be connected to these 
hospital bars, and any boiler may draw power from 
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them. In the case of a failure of a motor-generator 
set or rectifier, it is possible to supply two boilers 
simultaneously from any direct-current source. 
Under these conditions, it is estimated that a load of 
approximately 75 per cent. of the mean continuous 
rating could be carried on each of the two boilers. 
Overload trips are fitted to both the alternating 
and direct-current circuit-breakers. In addition, 
the direct-current circuit-breakers may be tripped 
by the overcurrent relay i of any motor, operating 
through a time-delay relay k. This protection is 








Fig. 3.: Reotrrrer CUBICLES AND DriRECT-CURRENT SWITCHBOARD. 


automatically transferred to the new source of 
direct-current supply when the hospital bars are in 
use. Interlocks are provided to ensure that the 
motor fields are energised before power is applied 
to the armatures and that no circuit-breaker can 
be closed unless the *bus-bar voltage is zero. 

The motors on the original boilers were pipe- 
ventilated machines. The trunking was, however, 
subsequently removed and for several years past 
the motors have given satisfactory service as 
virtually open-type machines. When the second 
pair of boilers was installed it was decided to replace 
the trunking by short air inlet hoods terminating in 
coarse hessian filters, as shown in Fig. 4, which is a 
view of one of the 67-h.p. variable-speed direct- 
current motors driving a forced-draught fan. These 
filters have given complete satisfaction in service. 
The motors are normal separately excited shunt- 
wound stability-compounded machines, those driv- 
ing the forced-draught fans and stokers having 
special speed /armature voltage characteristics. 

The operation of the system is extremely simple. 
Any change in load is met by adjusting the value 
of the direct-current voltage, the result being that 
the speed of all the boiler auxiliary motors, except 
those driving the secondary-air fans, varies in 
unison, according to a predetermined speed /boiler- 
load characteristic, thus changing the load quickly 
and smoothly without even a temporary loss of 
efficiency. The acceleration of the direct-current 
motors is such that their response is always equal 
to the maximum rate of load change of which 
the boiler is capable. The secondary-air fans are 
driven by constant-speed squirrel-cage motors, the 
secondary-air pressure being required to remain virtu- 
ally constant. Any changein the physical conditions 
used in the determination of the motor speed 








678 





ENGINEERING. 


Nov. 27, 1953. 








TUBULAR 





Fig. 1. 


TOWER ON 


characteristics, e.g., gas or air system resistance, or 
calorific value of fuel, is met by adjusting the shunt- 
field resistance of the motor concerned. 

The auxiliary power absorption of this plant is 
low. On test, Boilers 3 and 4, on which the recti- 
fiers are used, developed 938 Ib. of steam at 600 Ib. 
per square inch and 800 deg. F. for every kilowatt- 
hour of auxiliary power consumed. The motor- 
generators on Boilers 1 and 2 gave slightly worse 
results owing to the lower efficiency of the sets as 
compared with the rectifiers. These power absorp- 
tion figures compare favourably with the average 
for similar stoker-fired boilers using other modern 
control systems, which is approximately 800 lb. of 
steam for each kilowatt-hour consumed. 

The main contractors for the boiler plant and 
auxiliaries were Babcock and Wilcox Limited, 
Farringdon-street, London, E.C.4, and Merz and 
McLellan were the consultants. 





Buitpine Tecuntcrans’ Diary, 1954.—The 33rd 
edition of the Association of Building Technicians’ 
pocket diary, for 1954, contains a 120-page supplement 
of technical information and directories of value to the 
architect and builder. Copies, bound in imitation 
leather, may be obtained from the secretary, 5, Ashley- 
place, London, 8.W.1. [Price 5s. 4d. post free.] 








TRANSMISSION-LINE 


Irauian Test BeEp. 


TUBULAR TOWER FOR 
TRANSMISSION LINES. 


THE steel towers used on high-tension electrical 
transmission systems have generally been con- 
structed of standard rolled-steel sections. As, how- 
ever, the rise in the voltages employed has necessi- 
tated greater tower heights, increased loadings and, 
consequently, higher manufacturing costs, attention 
has been paid to alternative designs with a view 
to reducing the weight. One way of doing this is 
to employ high-tensile steel for the main members 
and bolts, while another is to utilise tubular sections, 
the characteristics of which are superior to angle 
sections when used as structural members. 

A large number of completely tubular and semi- 
tubular towers are in use on the Continent, par- 
ticularly in Italy and in Germany, the main leg 
members and main cross arms, as described in an 
article on page 225 of our 175th volume (1953), 
being angles and practically all the bracing members 
tubes. The ultimate tensile strength of the steel 
employed for these parts is slightly lower than that 
laid down in British Standard Specification No. 548, 
but the yield point is the same. The slender 
bracing members are of mild steel. An important 
point is that these Continental towers are painted 
and not galvanised. The same article also described 
a semi-tubular tower which had been built and 
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tested by the Societa Anonima Elettrificazione to 
carry British Standard loadings, and weighed 
4-8 tons, compared with 7-8 tons for a similar 
tower constructed wholly of angle sections. The 
main legs of this tower were of angle sections with 
tubular bracings and a certain amount of welding 
was used in its manufacture. Tests of towers of 
similar construction have been made in England. 
These, however, were not successful, chiefly owing 
to the necessity of flattening the ends of the tubular 
bracings to provide a bolting flange and thus 
introducing a source of weakness. This method 
also deprives the main tower members of the support 
of the flange of the angle bracing members, where 
these are bolted across the main leg angles. 

Considerable interest therefore attaches to an 
investigation carried out by Tubewrights, Limited, 
a subsidiary of Stewarts and Lloyds, Limited, 
Upper Brook-street, London, W.1, with the object: 
of producing an all-tubular tower which can be 
galvanised. In such a tower all the members must 
be separately connected and frames of welded 
components cannot be used. A new method of con- 
structing the ends of the bracing members was 
therefore developed, which adequately preserves 
the strength characteristics of the tubular section 
and, by completely sealing up the ends, enables. 
each member to be hot-dip galvanised. A 275-kV 
double-circuit tower of this design was recently 
constructed, and in collaboration with the Societa 
Anonima Elettrificazione, tests were made on it at 
the plant described in our previous article. 

The main legs of this tower, which is 136 ft. high, 
consist of high-tensile steel tubes varying in 
external diameter from 6§ in. to 3} in, and its 
appearance is illustrated in Fig. 1. Flange and bolt 
connections were used and the tube ends were 
reduced so as to keep the sizes of the flanges down 
to a minimum. The individual bracing members 
were given a special sealing and semi-flattened end 
treatment ; and double cleats were welded to the 
main members to receive the ends of the bracing 
members. The weight is about 8-5 tons, compared 
with 11 tons for a tower of angle sections but it 1s 
considered that experience will enable this to be 
reduced. The tower, which was designed for 
British loading conditions, was successful in with- 
standing typical] broken-wire condition at 1-5 times 
the specified load. A close-up of the leg member 
which failed by telescopic collapse at 1-55 times the 
designed broken-wire load is shown in Fig. 2, the 
stress at the time being 20 tons per square inch. 
No failure occurred in the bracing members until 
the actual collapse of the leg. Several members. 
were then distorted, owing to the general deforma- 





tion of the tower. 
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SCIENTIFIC RESEARCH IN 
AUSTRALIA. 


THE Fourth Annual Report of the Commonwealth 
Scientific and Industrial Research Organisation* 
presents a summarised account of research sponsored 
by the Australian Government during the year 
ended June 30, 1952, at a cost of nearly 4,000,0001. 
The bulk of the work described has, of course, been 
done in research establishments and field stations 
in the Australian Continent, and, as may be 
expected, a large proportion of it relates to the still 
predominating pastoral and agrarian industries. 
To an increasing extent, however, these traditional 
activities are taking advantage of advances in the 
physical and mechanical sciences, and steady 
progress is reported from researches connected with 
soil and irrigation, the preservation and transport 
of foodstuffs, the utilisation of wool and plant 
fibres, and the exploitation of Australian woods and 
other forest products. 


TIMBER AND Woop PrRopvcts. 


Exemplifying the high standard of research in 
all these subjects is an extensive study of mechanical 
tests to determine the compressive and shear 
strengths of timber, which are being carried out 
over a range of species and moisture content con- 
ditions to establish in conjunction with Great 
Britain and North America, an _ international 
standard procedure for testing timber. A new 
method of testing the hardness of wood, which 
does not damage the specimen and can be used for 
thin materials, such as plywood, is also being 
developed. It is essentially a falling-ball impact 
test, the results of which are related to the size, 
density and height of fall of the ball so that, within 
limits, these factors need not be standardised. 
Most of Australia’s wood species are used for 
structural work, and research to correspond is in 
progress on seasoning and kiln-drying processes, 
timber preservation, and the control of destructive 
insects and fungi. Despite the abundance of native 
Australian timber, great interest is taken in 
developing waste wood products, among which 
several forms of resin-bonded sawdust and com- 
binations of coconut-fibre with synthetic plastics 
have been produced recently and thoroughly tested 
to appraise their mechanical properties. 

For the most part, these processed wood products 
and fibre boards find applications in building which, 
in itself an important subject for sponsored research, 
also réceives valuable contributions from investi- 
gations concerned with soil foundations, heating 
and ventilation, and especially from chemical 
studies of cement and ceramic materials. Particular 
attention is being given to foamed concrete made 
by the “‘entraining” process in which, by simul- 
taneous foaming and mixing, concrete weighing 
some 90 Ib. per cubic foot is produced. Experiment 
shows it to be a rather critical material, in that 
1 per cent. change in density produces a 5 per cent. 
change in strength, while resistance to compressive 
failure is 50 per cent. higher when the concrete is 
made with fine sand than when the sand is coarse- 
grained. The commonly-experienced trouble of 
shrinkage cracking has been much alleviated by 
ascertaining that the equilibrium moisture content 
is 3 per cent.; accordingly, foamed-concrete 
building blocks and slabs are now dried to that 
condition before being used. The application of 
ordinary dense concrete for use as floors in buildings 
has been thoroughly studied from the standpoints of 
human physiology and comfort, as well as in respect 
of mechanical properties and durability under 
abrasive use. The general outcome of this work is 
& comprehensive knowledge of the conditions 
necessary for concrete flooring to be acceptable in 
domestic building construction. Noteworthy among 
other building studies are laboratory investigations 
of mortars, plasters and clay products, field surveys 
of roofing materials, rheological examination of 
caulking compounds, and research into architectural 
acoustics by means of small-scale structural models. 

* Fourth Annual Report of the Commonwealth Scientific 
and Industrial Research Organisation for the Year Ending 
June 30,1952. L. F. Johnston, Commonwealth Govern- 
ment Printer, Canberra. (Price 10s.) 








MetTaLs AND Metat SurFAcEs. 

Research of more immediate interest to engineers 
is reported by the Division of Physical Metallurgy, 
where a long-term study of the slow deformation of 
lead and its alloys under creep conditions has 
revealed the importance of grain size in lead alloyed 
with less than 10 per cent. of thallium. When the 
thallium content is between 10 and 30 per cent. the 
strengthening effect of the solute is more important, 
while with still higher concentrations the tendency 
to intercrystalline cracking is the governing charac- 
teristic. The most recent work on this subject 
has disclosed how, under prolonged stress, the shapes 
of crystals alter so that adjacent crystals may 
remain in contact while accommodating the relative 
movements associated with creep. If the conditions 
are such that the necessary adjustment of shape is 
not possible, intercrystalline cracking takes place. 
Other work of a metallurgical character, by the 
Tribophysics Division, has been concerned with 
refined measurements of the energy stored in metals 
during deformation; in the case of copper, this 
has revealed a simple relationship between the 
amount of stored energy and the degree of work- 
hardening. For hardness measurements on minute 
areas like those of metallic crystal grains, a micro- 
hardness tester has been constructed, which employs 
very small loads and makes correspondingly small 
indentations. By means of this apparatus the 
effects of the inertia of the indenting system, and 
of the rate of approach of the indenter, on the hard- 
ness number obtained have been studied, with 
results which indicate that, in the past, insufficient 
attention has been paid to these factors in micro- 
hardness testing instruments. 

Recent research on the properties of metal sur- 
faces, with particular reference to the phenomena 
of lubrication, surface protection and detergency, 
has raised some new problems affecting the per- 
formance of sleeve bearings in the transition stage 
between hydrodynamic and boundary lubrication. 
The relevant factors include the materials and 
surface finish of the bearing and journal, the method 
of running them in, and the geometric properties, 
more especially the clearance ratio, of the assembly. 
Tests with two different bearing materials—tin 
babbitt and cadmium silver—have shown that 
bearings having small clearance ratios (in the region 
of 1: 4,000) achieve a high load-carrying capacity 
after fewer revolutions than those of greater clear- 
ance ratios. If the bearing is constantly loaded in 
one direction only, the effect of the slight wear 
and deformation of the metal during running-in is 
to produce a smooth area, of curvature tending to 
equality with that of the journal. 

Since the Organisation is responsible for the 
realisation and maintenance of the Commonwealth 
national standards, great attention is paid to 
research in metrology which, additionally, is of 
service to all the engineering and related industry 
of the Commonwealth. Thus, while work of the 
highest precision is in progress in connection, for 
example, with the standardisation of length in 
terms of light waves, the development of new 
double-beam techniques of interferometry, and the 
establishment, by means of a 4-metre invar stan- 
dard, of a geodetic base for triangulation surveying, 
applied metrology is also serving such purposes 
as the examination of gear-hobbing machines, 
the testing of other machine tools, and the calibra- 
tion of photogrammetric cameras. Theoretical 
analysis has led to the preparation of lapping plates 
by an improved method whereby lapped surfaces 
of exceedingly high quality have been prepared. 
In a related investigation of the nature of the 
adhesive “‘ wringing” films between lapped plane 
surfaces, examination, by a multiple-beam micro- 
interference method, of metal surfaces that have 
been wrung together and then separated, has 
revealed extensive surface damage. Present indica- 
tions are that the conception of a wringing “ film,” 
actually separating the two surfaces nominally in 
contact, may be incorrect ; and that the separation 
and adhesion are mainly functions of the extent to 
which residual asperities on the surfaces have been 
crushed. 

Engineering research of immediate interest to 
industry is further exemplified by an analysis of 
industrial design and drawing practice which has 





been conducted, with the co-operation of engineer- 
ing firms, to explore the economies that might be 
achieved by the application of proper analysis in 
design and the adoption of a common series of basic 
engineering standards in industry. The standards 
projected would deal first with limits and _ fits, 
gauging principles, screw threads, surface finish, 
and drawing practice. The analysis has confirmed 
that this project may well result in substantial 
economies, and a working group, to develop it on 
such broad lines as will be truly representative of 
the New South Wales engineering industry as a 
whole, has been established by the Institution of 
Production Engineers. In a closely related subject, 
a review of overseas developments in surface finish, 
with particular reference to machined surfaces, was 
undertaken for a conference organised in May, 1952, 
by the Sydney Division of the Department of 
National Development. Further assistance from 


.the Research Organisation to industry has taken 


the form of examinations and verifications of 
materials-testing machines and engineering instru- 
ments. For such purposes a 5,000-lb. proving ring 
has proved highly satisfactory, and a smaller, 1-ton, 
ring has been designed to extend the range of verifica- 
tion service, while negotiations are proceeding for 
the construction and installation of a 50-ton dead- 
weight machine for calibrating proving devices. 
A precision hardness-testing machine of National 
Physical Laboratory design is under construction 
for calibrating, on the Rockwell principle, test blocks 
of known hardness which are useful in engineering 
works for check-testing the performance and 
accuracy of industrial hardness-testing apparatus. 
Hardness-measurement research of a more funda- 
mental character has been directed towards im- 
proving present methods of measuring and com- 
paring the geometrical forms of indenters and hard- 
ness impressions, and of measuring indentation 
loads. A paper dealing with the diamond pyra- 
midal testing of spherical specimens is to be pub- 
lished, and methods of improving the accuracy of 
hardness testing of rubber are under investigation. 


RESEARCH IN Puysics. 

In the Physics Division of the Organisation, 
research on heat continues to be devoted to the 
maintenance of temperature standards, the calibra- 
tion of temperature-measuring instruments, and 
the behaviour of materials at extremely low tem- 
peratures. For the last type of work the laboratory 
has recently brought into successful operation a 
helium liquefier which, in an hour and a half, starting 
at room temperature, can produce liquid helium 
at the rate of 3-5 litres per hour. This equipment 
is the first of its type to be successfully constructed 
outside the United States; it is hoped, with it, to 
achieve temperatures as low as 1 deg. K. for such 
research purposes as the measurement of thermal 
conductivities of gold and stainless steel, which 
has already been achieved down to 54 deg. K. 
Physical work on light has included the development 
of photometric standards and of a flicker photometer 
for the precise intercomparison of standard lamps. 
An improved reflecting microscope has also been 
constructed, which has three monocentric mirrors 
in the immersion objective plus a plane, inclined 
mirror to reflect the beam outwardly in a suitable 
direction. This objective is more complex, both 
mechanically and optically, than the earlier two- 
mirror monocentric objective, but it offers substan- 
tial advantages and its adjustment is fairly simple. 
As the outcome of research into the optical properties 
of thin metallic films, 9 simple technique has been 
developed for meking interference filters that pro- 
duce the spectrum of white light. Theoretical work 
on the reflectance and transmittance of light from 
thin films indicates that the reflectance of aluminium 
films deposited on glass should markedly depend 
on whether the light is incident through air or 
through glass, and that, in the latter case, a very 
thin film should reduce reflectance. These findings 
are in accordance with experiment. 

During the year, important advances have been 
made in radio astronomy, including systematic 
observations of the radio waves emitted by the 
sun, the moon, and the Milky Way. The American 
discovery of the atomic spectral line from inter- 
stellar hydrogen has been confirmed in Australia 
and followed up by a survey of the distribution of 
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these lines over the sky. This showed that the| 
radiation is concentrated in a narrow band near the 
plane of the Milky Way, whence it is concluded that 
interstellar hydrogen in our galaxy is concentrated | 
near this plane. The clouds of interstellar hydrogen 
are concentrated in two vast elongated masses 
which may delineate spiral aims of our galaxy, and 
which are in streaming movement upon which ran- 
dom velocities of the order of 10 km./sec. are super- 
imposed. Two new facts about radio stars have 
been established during the year under review. 
They are, first, that there are two classes of radio 
stars, one comprising rare objects thinly distributed 
throughout the galaxy, the other distributed at 
random in all directions throughout space. The 
second new fact is that some radio stars have 
angular diameters of up to 1 deg., and may more 
correctly be regarded as radio nebule. 

A certain amount of radio research in Australia is 
applied to meteorological investigation of the upper 
atmospheric layers. For the most part, however, 
researches in meteorology have been concerned 
with the physics of the atmosphere relatively near 
the earth’s surface, ranging from the measurement 
of wind velocities at altitudes up to 30,000 ft. by 
radar tracking of specially-reflecting balloons, down 
to the use of fans for mitigating the bad effects of 
frost on orchard trees at ground level. Practical 
research on the formation of artificial rain has 
continued, by “ seeding ”’ clouds with solid carbon 
dioxide, silver iodide and water drops. The sub- 
stitution, for water spray, of large hygroscopic 
nuclei placed in the saturated air at the base of a 
cloud is economically attractive, and experiments 
are in progress to produce the most suitable nuclei 
of this sort, On the whole, the economic prospects 
of artificial rainmaking appear rether dubious. 
Conclusive results can be obtained on individual 
clouds in precisely the right conditions, but the 
scientific control of large-scale seeding operations is 
extremely difficult on account of natural variations 
in rainfell. 

Not unexpectedly, the Organisation is steadily 
increasing its researches in atomic physics, and 
programmes concerned respectively with funda- 
mental nuclear physics, cosmic rays and trecer 
elements, are all being actively pursued. The 
equipment used in this work includes tree parvicle 
accelerators and a cosmic-ray spectrometer. The 
last has been used during the year for measurements 
of the momentum and ionisation of charged cosmic- 
ray particles. Along with this fundamental work 
it is of interest to note the activities of the Industrial 
Chemistry Division in connection with the practical 
methods of processing uranium ore from Rum 
Jungle in the Northern Territory of Australia. 
Preliminary tests indicate that this ore is likely to 
prove amenable to chemical extraction treatment 
without prior mechanical concentration, and may 
be expected to yield high recoveries of its useful 
components, 

This particular instance of a contribution of 
research to industry, like many others cited in the 
foregoing review, serves to indicate the immediate 
value to the economy of Australia of much of the 
work directed by the Commonwealth Scientific and 
Industrial Research Organisation. It is important 
to bear in mind, however, that the economy of the 
future depends at least to an equal extent on the 
fundamental scientific research now being pursued 
in Australia with no specific applications in view. 
This fourth Annual Report provides, both in its 
balanced programmes and in its descriptions of 
current and projected work, unmistakable evidence 
that the Organisation is as fully alive to the future, 
as to the present, potentialities of science. 





TRaNsPorTING Houses IN THE DesERT.—A joint 
demonstration was given recently to show how houses 
could be moved from one camp site to another in 
rough or desert country. The house was of “‘ Supalite ” 
construction, made by G. H. Bu & Co., Ltd., 
Southall. It measured 20 ft. by 30 ft. and was made of 
composition panels in a light-alloy framework. To 
make it easily transportable, it was built on a steel raft 
which stood clear of the ground on two longitudinal 
beams. To move the house, the raft was jacked up and 
the trailer backed under it. The trailer was designed 
and built by R. A. Dyson & Co., Ltd., Grafton-street, 
Liverpool, and will carry up to 15 tons on rough 
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TRIPLE-SCREW 
PASSENGER LAUNCH. 


Tue 48-ft. launch, shown herewith, has been built 
in the Southampton yard of John I. Thornycroft and 
Company, Limited, Thornycroft House, Smith- 
square, London, 8.W.1, for the Anglo-Saxon 
Petroleum Company. She will operate on Lake 
Maracaibo, Venezuela, and will carry men and 
materials to drilling rigs near the lake centre. 
The lake is 95 miles long by 65 miles wide and the 
rigs, which comprise platforms of steel and concrete 
built on piles, are insufficient to shelter the vessel 
from the sudden and violent squalls which frequently 
occur. Once drilling has begun it must proceed 
without a break, and for this reason the launch will 
be required to operate through the storms and the 
more regular 3-ft. to 4-ft. waves that occur in the 
later part of every afternoon, to relieve the drilling 
crews. Because of these arduous conditions, the 
hull has been made of steel. The design was pro- 
duced in collaboration with the new construction 
department of Shell Tankers Limited, London, E.C.3. 

The launch is driven by three six-cylinder Rolls- 
Royce Diesel engines of the C6.SFLM type. This is 
the first time that these engines, which are fitted 
to the Vickers heavy haulage tractor, have been 
used in marine service. To make them suitable, 
fresh-water heat exchangers have been fitted and 
the exhaust gases are cooled by water injection 
after leaving the manifold. During a demonstration 
run the vessel went from the full ahead speed of 18 
knots to full astern in 10 seconds. Twin rudders are 
fitted. The hull is of the hard-chine type with a raked 
stem and transom stern and a false keel. There 
are five compartments, comprising the forepeak, 
passenger cabin, machinery space, fuel tank space 
and steering-gear compartment, separated by water- 
tight bulkheads. The length overall, excluding the 
rubber fender, is 48 ft. and at the water-line 46 ft. 
The moulded breadth is 15 ft., at the water-line 
14 ft. 5 in., and the extreme draught is 3 ft. 3 in. 
The frames are of mild steel, welded to the skin, 
and are spaced at about 12-in. centres. They are 
made of 2} in. by ¥ in. section. The deck super- 
structure and bulkheads above the lowest strake are 
of aluminium alloy. The bottom plating forward 
of amidships is ¥ in. and aft to the transom } in., 
and is partly riveted and partly welded. A fender 
of rubber tube, 4 in. outside diameter and 2 in. bore, 
extends around the launch at deck level and a 
narrower steel fender of D-section runs from stem 
to stern midway between the deck level and the 
waterline. 

A watertight manhole in the front bulkhead of 
the passenger cabin gives access to the forepeak, 





where a bin is fitted for the anchor chain. The 
cabin accommodates 20 passengers. The roofs of 
the cabin and wheelhouse are made from 3-in. resin- 
bonded plywood, canvas-covered. On the port side 
aft is a toilet compartment. An escape hatch is 
provided in the roof of the cabin. The wheelhouse 
is constructed of aluminium alloy. The roof of the 
cabin extends into it at a convenient height to 
provide a mounting for the instrument panel on < ne 
side and a desk on the other. The revolution 
indicators, etc., have been supplied by Smiths 
Industrial Instruments, Limited, Cricklewood, 
N.W.2, and the engine control gear is by Bloctube 
Controls, Limited, Aylesbury, Bucks. The Math- 
way steering gear has a 21-in. car type of wheel. The 
compass is mounted on the helmsman’s left. In 
the centre window of the wheelhouse a 9-in. Clear- 
view screen has been fitted. On the roof are two 
searchlights and two 9-in. revolving cowl vents. 

The engine room is aft of the passenger cabin and 
beneath the wheel-house, between bulk heads which 
are insulated with Acoustipad. Access is from the 
deck by a sliding hatch and ladder. The cylinders 
of the three Diesel engines each have a bore of 5} in. 
and a stroke of 6 in. The combined output is 
190 brake horse-power at 1,800 r.p.m. The centre 
engine is placed forward, and mounted at a slightly 
lower level than the starboard and port engines. 
The drive is through oil-operated reversing gears 
made by Self Changing Gears, Limited, Coventry, 
to propeller shafts running in Cutless bearings. The 
three propellers all rotate in the same direction. 
Also fitted in the engine room is a type 152 HY 
Diesel-driven auxiliary generating and pumping set 
made by Stuart Turner, Limited, Henley-on- 
Thames. It comprises a single-cylinder Diesel 
engine developing 3 b.h.p. and coupled to a generator 
for charging the batteries, and a 1-in. bilge pump 
with a capacity of 900 gallons per hour. The output 
from the generator is 1} kW at 25 to 35 volts and 
65 to 43 amperes. Four Exide Ironclad batteries 
are fitted for the 24-volt direct-current electrical 
system. At the aft end of the engine room 1s & 
15-gallon fresh water tank and also a 15-gallon 
oil tank. The engine room is ventilated by cowls 
on the wheelhouse, previously mentioned, and by 
two water-excluding vents in the front of the wheel- 
house. Extractor vents fitted with Airmax fans 
are provided on the port and starboard sides at 
the aft end of the engine room. A slotted grille 
extractor vent is also fitted on the top of the raised 
casing above the engine room. Aft of the engine 
room is the tank space, in which two tanks of 112 
gallons capacity each are installed. Access to this 
compartment is by a ladder through a hatch large 
enough to allow removal of tanks. 
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SOIL-CEMENT AND 
CONCRETE ROADS. 


THE Pavings Development Group, sponsored by 
the Cement and Concrete Association, 52, Grosvenor- 
gardens, London, 8.W.1, held their annual general 
meeting at the Institution of Civil Engineers on 
Thursday, November 19. Following the meeting, 
the remainder of the morning and the whole of the 
afternoon were devoted to the presentation of 
papers and discussion on the various aspects of the 
construction of soil-cement and concrete roads. 
Over 300 attended the technical sessions, including 
many county council and county-borough engineers 
and surveyors. An informal dinner was held in the 
evening. 


Som-Cement Roaps. 


Three papers were presented in the morning 
session which was restricted to an examination of 
soil-cement as a material for road construction and 
of the roads made from it. As a constructional pro- 
cess, soil-cement, made by intimately mixing 
between 5 and 15 per cent. of Portland cement with 
the native soil, has two possible uses. Firstly, it may 
be used for the construction of the bearing pavement 
itself, providing a relatively cheap flexible slab 
capable of carrying light and medium weight 
traffic and therefore well suited for secondary roads 
and roads on housing estates. Secondly, it can be 
used to provide a protection for the formation during 
the construction of more substantial primary roads, 
saving the formation from being cut up by the con- 
tractor’s traffic or changed in character, and 
properties, by inclement weather conditions. 

The first paper, ‘“‘ Recent Progress in Soil-Cement 
for Road Construction,” by Mr. D. J. Maclean, 
head of the Soils Section, Road Research Laboratory, 
Harmondsworth, was divided into three parts: the 
characteristics of the soils which could be treated 
with cement, the behaviour of the stabilised materia] 
and, finally, the machinery required for mixing and 
compacting the soil-cement. In the United King- 
dom, the work carried out in the past has been 
confined largely to granular soils; in the United 
States, however, it has been found possible to 
stabilise cohesive soils with liquid limits as high 
as 40 per cent., and recent experience in this 
country has suggested that, with the new rotary- 
tilling machines, it would be possible to deal 
with clays having liquid limits in excess of this 
value. The chemical problem involved in stabilisa- 
tion of clays was complicated by the surface adsorp- 
tion of different ions by the clay particles, Calcium 
clays were easy to stabilise with ordinary Portland 
cement, there being no interference with the 
mechanism of hydration of the cement. Conversely, 
sodium clays required the addition of hydrated 
lime to convert it into a calcium clay; otherwise 
stabilising was difficult on account of the sticky 
condition of the clay. Hydrogen clays were also 
difficult to stabilise due to a base exchange pheno- 
menon in which calcium ions were removed from the 
cement, so freeing hydrogen ions that adversely 
affected the hydration process; the use of larger 
proportions of Portland cement restored the 
balance, 

It had been found that, in normal construction 
work, the soil-cement had a flexural strength of 
about one-fifth of the compressive strength ; that is, 
a flexural strength of between 30 and 40 Ib. per 
square inch at an age of seven days. A useful 
criterion of adequate strength appeared to be a 
compressive strength of 250 lb. per square inch. 
Investigation had shown that higher strengths than 
this offered no advantages, since the lower flexibility 
would result in widely-spaced cracks, together 
with insufficient inter-locking between the separate 
pieces. Early protection of the soil-cement was 
essential if the combined effect of water and 
stressing by traffic was not to soften still further any 
weak areas in the formation. For housing-estate 
roads, a double surface dressing had proved adequate 
during the period of building operations, after 
which a pre-mixed bituminous surfacing had 
usually been laid; on classified roads, the usual 
practice involved laying a two-course bituminous 
surfacing about 4 in. thick. Since the soil-cement 
did not compact after it had initially hardened, the 


final top surface could be laid on the soil-cement 
immediately after the curing period. 

It was to be expected that the further development 
of soil-cement roads would be brought about by the 
introduction of more efficient types of machinery. 
Until recently, no British-made equipment had 
been available for the particular class of work 
involved but, now that prototype machines had 
been built, the marketing of them could not be 
long delayed and a serious handicap to the more 
widespread use of soil-cement for constructing 
roads would be removed. The principal method 
so far employed had been to “‘ mix-in-place ” which 
also appeared to be the method that would be 
adopted in the future. Alternatively, use had been 
made of “ central-plant ” mixing but, though this 
produced a greater uniformity of mixing, it was 
more expensive than “ mix-in-place’’ and the 
main advantage of stabilised soils, namely, cheap- 
ness, was lost. 

So far, experiment has shown that the most 
satisfactory results had been obtained by the use of 
a single pass of a rotary-tilling machine. It had 
been found with multi-pass machines that there 
was a greater segregation of the cement ard soil 
and that with each additional pass there was an 
increased possibility of the soil-cement being carried 
outside, and the cement below, the planned cross- 
section of the stabilised soil layer. The new 
British-made single-pass machine employed a 
high-speed rotor with blades of the mililing-cutter 
type and a slow forward speed of two yards per 
minute, so that the soil was broken into a fine tilth 
thus enabling it to be intimately mixed with the 
cement. The soil-cement so produced had been 
found to have a strength of about 66 per cent. of a 
laboratory-mixed material of the same constituents. 
To follow the rotary tiller, a dropping-weight com- 
paction machine has been developed which would 
achieve an adequate degree of compaction with a 
single pass. At present, the machines being made 
were unable to compact a layer greater than 8 in. 
in thickness, and the development of machines 
capable of treating soil to a depth of 12 in. was an 
urgent requirement if soil-cement was to be used on 
a considerable scale for the construction of main 
roads. Laboratory work had also shown that many 
advantages, particularly high initial strength, could 
be obtained by the use of an extra-fine cement ; the 
advantages had, however, to be considered in terms 
of the increased cost of such cement. 

An essential preliminary to construction work 
was a laboratory survey of the soils involved, but 
there was no difficulty in arranging for such testing 
at a cost which was small in comparison with the 
potential saving in the cost of construction. Many 
of the tests required had been reduced to a standard 
form and were fully described in B.S. 1924—1953 ; 
work was proceeding with the detailing of standard 
methods for the remaining tests. The principal 
strength test used was the familiar unconfined 
compression test on cylindrical specimens after 
they had been cured for seven days at a constant 
moisture content. Perhaps the most important 
tests which still required to be standardised were 
a water-immersion test to assess the stability of 
the treated soil and a frost-susceptibility test, 
suitable apparatus for which had already been 
developed at the Road Research Laboratory. 

The first paper having described the more funda- 
mental issues involved, the two other papers in the 
morning session discussed particular aspects con- 
cerning, first, the county authority and secondly, the 
urban authority. The work encountered by the 
county-council engineer was described by Mr. H. E. 
Brooke-Bradley, O.B.E., deputy county surveyor 
for Worcestershire, who had been responsible for 
some of the first soil-cement. pavements ever 
constructed, which were laid down on Salisbury 
Plain in 1917. In addition to supporting the 
points already made by Mr. Maclean, particu- 
larly that of the importance of preliminary testing 
and of the maintenance of continuous contro] as 
the construction work proceeded, note was made 
of a number of satisfactory practices that had been 
developed during the past 35 years. Thus, for 
road construction, the soi] was processed initially 
to a depth of 8 in. which, allowing for compaction, 
was found to give a 6-in. stabilised base. For 





footpaths, the soil base was reduced to only 3-in. 


thick, and for car-parks 4 in. had generally been 
found to be sufficient. On no account was continu- 
ous use made of the soil-cement base as a wearing 
surface but a surfacing material, the thickness of 
which was determined by the traffic to be carried, 
was laid as soon as the treated soil had been cured ; 
even for footpaths, a finely graded tarmacadam, 
4-in. thick, was laid over the formation. The 
purpose of the surfacing was primarily the conser- 
vation of the moisture content maintained initially 
by a curing coat of sprayed bitumen which later 
had to be protected from abrasion. 

Of the equipment already in use, the normal 
rotary tiller employed had a width of 4 ft., but for 
work too narrow for this machine, a smaller one, 
only 18-in. wide, was available, particularly for 
repair work. On heavy glutinous soils, it had 
been found advantageous to use rippers in advance 
of the tiller. An offset disc harrow had also proved 
useful in breaking down the soil and so assisting the 
tiller to produce a fine tilth. Tandem rollers were 
favoured as giving a more uniform compaction than 
three-wheeled rollers. Where the soil was granular, 
vibratory rollers had proved of value. In all cases, 
the treated soil base was made 1-ft. wider than the 
finished width of the carriageway, as this provided 
not only an additional stress-distributing area, but 
also a base on which the kerbing could be laid. 

No special form of jointing had proved necessary 
between soil-cement slabs, At the end of each day’s 
work, the stabilised soil was finished against a head- 
board so as to form a simple vertical joint. To 
restart the work, the small-size tiller was used 
transversely across the carriageway and, as the 
main plant had to be turned round at the end of 
each pass, the previous day’s work was covered 
by a temporary protective cushion of sand, clinker 
or dry earth. 

Mr. Brooke-Bradley noted that much of the work 
carried out using soil stabilisation processes con- 
cerned corner improvements, involving cutting away 
banks of earth to secure improved visibility and/or 
straightening the carriageway to ease the flow of 
traffic. An item of great structural importance in 
such work was the cut-off drain at the foot of the 
bank to collect and to disperse water from the higher 
ground, so preventing it from soaking into the 
formation below the new road slab. This control 
of moisture content below the slab was found to be 
of great importance in this class of construction 
work since, if the formation dried out excessively, 
it was found to shrink away from the slab which, 
having little inherent strength, was then easily 
fractured by the passage of traffic. 

In those cases where the ground water had been 
found to be less than 2 ft. 6 in. below the surface, 
drainage should be used to lower the level ; in gravels 
this was feasible by drainage but in cohesive soils, 
other methods had to be resorted to. If necessary, 
it was advisable to excavate to the depth required 
and, after the sub-base has been compacted, to lay 
a sheet of impervious material which was turned-up 
at the sides to form a tank in which a pre-mixed 
soil-cement could be placed and compacted in the 
usual way. It was surprising to note that much 
of the cement used in the author’s area was appar- 
ently still received in bags, rather than in bulk, 
though in this form it was easy to gauge the quantity 
of cement being distributed over a given area. 

The third and final paper of the morning session 
was concerned with problems met particularly in 
urban areas, and was presented by Mr. H. L. Kerr. 
The greater part of this paper endorsed what had 
already been stated in the two previous papers. An 
incidental saving that had been effected in Mr. Kerr’s 
area had been obtained by constructing the soil- 
cement roads with a straight cross-fall instead of a 
camber; this had avoided excessive grading with 
machines more suited to laying a flat surface and, 
simultaneously, had secured savings in the surface- 
water drainage arrangements required. 

The majority of the roads had been constructed 
by the mix-in-place method to give a uniform 
thickness of 6 in. of treated soil which was surfaced 
by a carpet of bitumen, 1}-in. thick. This had been 
found adequate to carry all residential-type traffic, 
including “buses. It was noted that every oppor- 
tunity was taken to reduce the overall cost and, in 
particular, wherever possible, the cement was 
handled in bulk. It had been found worthwhile to 
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improve the grading and workability of the material 
by mixing (say) raw gravel from one site into the 
clay soil at another site and vice versa, and, though 
this inevitably increased the cost of the work, a 
better road slab was obtained. Of the plant used 
by Mr. Kerr, the tillers had been modified from 
standard agricultural tillers; the cement spreading 
machine and rubber-tyred roller also employed were of 
United States origin. The paper concluded by giving 
some typical costs relating to work completed within 
the last six months in which a 6-in. compacted 
thickness of soil was stabilised by about 8 per cent. 
of Portland cement. A car park cost 4s. 114d. per 
square yard including a thin waterproofing surface ; 
a soil-cement road, surface-dressed, cost 5s. 9d. 
per square yard, and this was about to receive 
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a 1}-in. bituminous carpet, which would bring up 
the total cost to about 10s. per square yard; 
another road, where it was necessary to add about 
2 per cent. of lime, cost 6s. 7d. per square yard, | 
without the final surfacing, the increased cost over | 
the previous item being due to the lime and the | 
additional processes required. 

(To be continued.) 
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STABILITY AND CONTROL 
IN AIRCRAFT DESIGN. 


Tue effects, on stability and control, of recent 
developments in wing planforms and the problem 
of designing aircraft controls to obtain desirable 
handling qualities were discussed in a lecture on 
** Stability and Control in Aircraft Design,” given 
by Mr. J. C. Wimpenny before the Royal Aero- 
nautical Society in London on Thursday, Novem- 
ber 12. In the first place, he said, there was much 
to learn about the relation between control-column 
forces and movements, the stability and response 
of the aircraft, and the time element; it was on 
these factors that the pilot assessed the “ feel” of 
the aircraft. Physical problems in providing feel 
in power-controlled aircraft, such as backlash and 
friction in the input circuit, could be overcome by | 
careful mechanical design. The introduction of | 
highly swept-back wings, higher wing loadings, and 
flight at high altitudes had made it increasingly 
difficult to obtain satisfactory dynamic stability 
characteristics, and more measurements of stability 
and control behaviour were necessary. The develop- | 
ment of digital calculating machines and analogue 
computers would provide a powerful tool for 
evaluation, but only if the aerodynamic data fed 
into them were adequate. Model tests in the wind 
tunnel were useful guides to the main trend in| 
behaviour, but were less reliable when flow separa- 
tion, arising at the stall or from shock waves, and 
responsible for much unsatisfactory behaviour, 
was present. 

Discussing the design of tailplanes, the lecturer 
said that it was frequently determined by low-speed 
control requirements. Generally, a jet-propelled 
aeroplane required a smaller tail than a propeller- 
driven machine, and high-lift flaps called for a 
larger tail than simple flaps. The all-moving 
tailplane was the most effective method of over- 
coming the instability increase and reduced elevator 
effectiveness at transonic and supersonic speeds ; 
it could also greatly increase landing control. In 
swept-back wing aircraft at high incidence, tip- 
stalling might cause a rapid increase in downwash 
over the tailplane, giving a dangerous nose-up 
instability at the stall. The effect varied with 
the height of the tailplane above the wing chord 
plane ; it could be cured by placing the tail really 
high, or just above or below the wing chord. 
Alternatively, the downwash could be avoided by 
eliminating wing-tip stalling. Stability was also 
affected by slipstream effects. Since there was 
difficulty in finding a suitable place for the rear 
tail, there was a case for re-considering the tail- 
first arrangement. 

To overcome the adverse effects on directional 
and lateral stability of sweepback, high wing 
loading and high altitude operation, many jet- 
propelled aircraft were now fitted with yaw 
dampers, comprising a gyroscope and an amplifier 
moving the rudder to increase the yaw damping. 
Tailless aircraft had a lower pitch damping, and a 
smaller range of centre-of-gravity travel, but it! 


























appeared that the damping in pitch would be 
increased with a large wing chord, certainly at 
subsonic speeds, as in the low-aspect-ratio delta- 
wing configuration. The adoption of artificial 
dampers might enable a wider range of tailless 
planforms to be used. 

Concerning stalling and low-speed aileron control, 
experience in the de Havilland company had shown 
that fences provided an effective and flexible 
method for adjusting the stalling behaviour. The 
effectiveness of the aileron at low speeds was 
affected by the associated yawing response, and it 
was suggested that adverse yaw on the approach 
might be avoided by suitably linking the rudder 
with the ailerons. 

At transonic speed, it would probably be necessary 
to accept an ultimate nose-down trim change, but 
it would be an asset if a small nose-up trim change 
could be introduced at about the critical Mach 
number, as in some existing aircraft. Evidence 
on the Vampire suggested that the trim change was 
very sensitive to flow round the fuselage and wing 
roots. An alternative solution was to fit an auto- 
matic dive-recovery mechanism or auto-stabilisers. 

On the sweptback wing, the provision of adequate 
stiffness to avoid aileron reversal was a problem. 
Possible solutions were the use of spoilers, which 
reduced the twisting moment on the wing and which 
had been used successfully in America; and the 
all-moving wing-tip control, which was also more 
effective than the flap-type control surface at 
supersonic speed. For low speeds, however, the 
moving wing-tip would probably have to extend 
over 30 to 35 per cent. of the span, and operation 
would be difficult. A diagonal hinge-line might 
offer an effective compromise. Another problem of 
the high-aspect-ratio swept-back wing was the loss 
in longitudinal stability under increased air load. 
Possible solutions were the aero-isoclinic wing, 
which was arranged to give increased torsional 
deflection to counteract the flexural deflection, and 
the cranked or “ crescent ” wing. 

A difficulty in control design was to ensure that 
the control characteristics were repeatable on air- 
craft of the same type. One approach was to 


_improve manufacturing accuracy; a better way 


was to design an aircraft intrinsically less sensitive 
to small differences in profile. 





HELICOPTERS IN O1t SurvEy.—Three single-engine 
two-seat Bell 47D helicopters are being used by the 
Nederlandsche Nieuw-Guinee Petroleum Maatschappij 
(N.N.G.P.M.) in a search for oil over 38,000 square miles 
of territory in the extreme north-west of Netherlands 
New Guinea. They are employed for lifting men 
and materials in thick and swampy jungles where 
other forms of transport are impractical. In 6 months, 
the average monthly load was over 78 tons. 


SAFETY DEVICE FOR 
TORQUE OVERLOAD. 


A DEVIcE for preventing the overloading of a 
drive has been evolved by Tiltman Langley 
Laboratories, Limited, Redhill Aerodrome, Surrey. 
It is designed to cut out the drive when a chosen 
torque is exceeded during running and yet to allow 
for a higher torque while starting. 

The mechanism, fixed to an electric motor, is 
shown in the illustration. The drive to the pulley is 
| taken from the motor shaft to the mechanism plate 
and thence by the three pawls to the bosses on the 
pulley flange. The pulley runs free on the shaft 
but is located endwise by circlips. At starting, 
the top right-hand pawl in the illustration is 
| prevented from turning on its pivot by the lip of 
| the centrifugal member, as well as by the com- 

pression springs between the pawls. As speed 
rises, the centrifugal member pivots and releases 
| the driving pawl so that the whole torque is taken 
by the compression springs. If the torque increases, 
the pawls will turn as the springs become compressed 
until a dead-centre position is reached. The pawls 
will then snap over against the stops, in which 
position they are clear of the driving bosses on the 
pulley and the drive will therefore be interrupted. 
The pivot pins for the springs project through the 
pawl ane engage in the slots of the cocking-plate 
which ca. be seen inside the cover-plate shown on 
the left of the illustration. Outside the cover-plate 
is a knurled knob attached to the cocking-plate ; 
rotating this knob resets the drive mechanism. 

At starting, if the torque exceeds the safe value, 
the driving pawl forces the centrifugal member 
inwards against another leaf spring (the member is 
slotted to allow for this motion) until the lip is 
clear of the pawl when the compression springs will 
take charge as before. Since, however, the torque 
will be greater than the running value, the pawls 
will immediately swing clear of the bosses. There 
are telescopic members within the compression 
springs to prevent them buckling, and the whole 
mechanism plate is dynamically balanced. The 
device as shown is being used to transmit 1 h.p. 
but it can be modified quite satisfactorily to deal 
with five times this power. 











Last oF THE L.N.W.R. “Coat” Enotnes.—The 
British Railways locomotive No. 58343, originally 
No. 2405 of the London and North Western Railway, 
has now been withdrawn after 72 years’ service, for 
breaking up, so bringing to an end this class of 0-6-0 
locomotives of the last cent It was built at Crewe 
in 1881 and is the last of over 500 of the same class 
constructed between 1873 and 1892, primarily for the 
purpose of hauling coal trains. These locomotives were 
among the first to be designed by F. W. Webb. 
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THREAD-ROLLING DIEHEAD. 


At an exhibition of machine tools held recently by 
Alfred Herbert, Limited, Coventry, in their London 
showrooms at 70, Vauxhall Bridge-road, S.W.1, the 
new Rollrite thread-rolling diehead shown in the 
accompanying illustration was demonstrated. It 
has been produced as the result of a considerable 
amount of development work and is intended for 
use on capstan and turret lathes, drilling machines 
and automatic lathes of all kinds. Eventually a 
full range of dieheads of this type is to be made, but 
at present the one available size is suitable for all 
commercial pitch threads from % in. to ? in. in dia- 
meter, produced on manually-operated machines. 

Thread rolling usually gives a better and stronger 
thread and frequently there is a saving in the pro- 
duction cost as compared wit: a cut thread. The 
makers expect that future development, based upon 
work in which they are already engaged, will enable 
threads to be rolled at the same speed as that at 
which the component is turned. This should result 
in an increased saving. Rolled threads usually 
have a better surface finish than cut threads, and 

















with suitable materials there is a beneficial grain 
flow which gives greater fatigue resistance. Pitch 
and form accuracy can be held to close tolerances. 

The Rollrite diehead is of the self-opening type 
in which the rolls are held in swinging carriers. 
The rolls have annular threads (i.e., the “threads” 
ere not helical but are a series of separate grooves 
each on a plane at right angles to the axis of the 
workpiece) and the position of the carriers can be 
adjusted for size by movement of a screw and a 
cam shaped housing. The adjusting mechanism is 
similar to that used in the Coventry diehead. The 
carriers present the rolls to the work at the correct 
helix angle, and after initial engagement the rolls 
become self-feeding, automatically controlling the 
pitch and shape of the thread. A self-opening 
mechanism opens the rolls at the point of tripping 
by pulling off the carrier-supporting body from 
driving dogs on the shank. When the driving 
dogs are disengaged the carriers, which are spring 
loaded, fly open. Within the range of the diehead 
one set of roll carriers suits all commercial pitches 
of the same hand and each set of rolls for any 
particular pitch’ will roll threads of any diameter 
of the same material of either hand. The rolls 
can be easily changed by removing the diehead 
front plate so that the carriers can be lifted out. 
The rolls run on pins secured in the carriers and 
can be changed in a few minutes. In order to 
obtain a full life, the rolls have been designed so 
that they can be reversed in the carriers and each 
roll is numbered and lettered to ensure that it is 
always assembled in the correct position. 

Thread rolling is dependent upon the plasticity 
of the material and in general it follows that more 
power is required for rolling than for cutting. This 
usually amounts to a power increase of 50 per cent. 
above that required for cutting a similar thread. 
Most machines, however, have ample power for 





this purpose. At the start of rolling, the diehead 
must be forced on to the work with much more 
effort than that employed when cutting, and until 
at least one full thread has been formed the diehead 
cannot drag itself forward. The present recom- 
mended speeds for rolling steel range from 500 r.p.m. 
for } in. diameter work to 250 r.p.m. for ? in. dia- 
meter. Thread rolling should not be attempted 
without an adequate supply of lubricant. Before 
commencing rolling it is usual to turn the work- 
piece to the effective diameter of the thread to be 
produced within the limits —0 and + 0-001 in. ; the 
end of the workpiece is chamfered at about 30 deg. 
to the screw axis. Care should always be taken 
to ensure that over-filling of the die-form, which 
in a ductile material results in an axial extension 
of the screw, does not occur. The use of the 
Rollrite diehead leaves the final thread on the 
component imperfectly formed, but this is less 
than the run-out obtained with conventional cutting 
dies. 





TUNNELS FOR MACHKUND 
HYDRO-ELECTRIC PROJECT, 
SOUTH INDIA. 


In a paper presented at a meeting of the Insti- 
tution of Civil Engineers on Tuesday, November 17, 
Mr. G. A. Gauld, B.Sc., M.I.C.E., and Mr. R. J. 
Newport, B.Sc., A.M.I.C.E., dealt with “‘ The 
Construction of Two Concrete-Lined Tunnels for 
the Machkund Hydro-Electric Project, South 
India.” The authors described the methods of 
driving and concreting adopted. 

The project provided for two tunnels, respectively 
4,100 ft. and 3,090 ft. in length, the longer being 
designed as a flume and the shorter as a pressure 
tunnel. The flume tunnel discharges into a pond 
formed by damming a tributary of the Machkund 
river, and the programme of operations provided 
firstly for the construction of the pressure tunnel, 
followed by that of the flume tunnel, both tunnels 
being driven from both ends. The flume and 
pressure tunnels have finished heights of 16 ft. 9 in. 
and 15 ft. 6 in., respectively, and a feature of the 
cycle of operations was the overlapping of the 
drilling and mucking cycles; this was achieved by 
commencing drilling of the upper half of a face 
from a transverse platform anchored into the walls, 
which permitted drilling to proceed while mucking 
operations went forward up to the face and below 
the drilling gang. On clearing the debris the 
transverse platform was then removed and drilling 
of the lower half of the face continued. By this 
means, the time taken for a complete cycle of 
operations, which required the drilling of 60 to 
70 holes, averaged out at 14 hours and 5 minutes. 
The rock was a gneissic granite and the record 
progress for one week at one face, using site-trained 
Indian labour, was 130 ft., which is claimed to be 
the highest progress figure so far achieved in India 
on tunnels of commensurate size. 

The debris was moved from the face in tip-wagons 
hauled by Diesel locomotives and loaded by rocker- 
shovels, and the authors pointed out the necessity 
of having sufficiently large and sturdily-constructed 
wagons which would stand up to the rough treatment 
associated with rocker-shovel loading in rock 
tunnels. In the earlier stages of the work, full 
sets of scissors points and crossings connecting the 
two parallel tracks were used for changing over the 
wagons at the rear of the shovels, but-owing to the 
time taken to advance the track as the work pro- 
gressed, and the labour required to manhandle the 
wagons, they were ultimately abandoned for a 
simple wagon slide fabricated at site. The slide 
consisted of a length of track sufficient to take one 
wagon at a time, mounted on a carrier with an under- 
slung frame and itself running on rails laid trans- 
versely, thereby enabling wagons on one track to be 
traversed quickly, and without any fear of derail- 
ment, on to the adjoining track. 

The authors described the batching plant, of 
timber construction and made at site, for the 
measuring of the two grades of aggregate and one 
grade of sand used in the mix. They also dealt with 
the concreting of the tunnel-linings, the sides and 
roofs of which were carried out by pneumatic 
placing. 





SHEFFIELD LABORATORIES 
OF BRITISH IRON & STEEL 
RESEARCH ASSOCIATION. 


On Thursday, November 19, H.R.H. The Duke 
of Edinburgh, K.G., opened the new laboratories of 
the British Iron and Steel Research Association, at 
Hoyle-street, Sheffield. These house the greater 
part of the Association’s research facilities for steel- 
making, mechanical work and metallurgy and also 
afford accommodation, independently, but in close 
co-operation, for the laboratory of the Cutlery 
Research Council. The premises consist of four 
new and three older buildings. The three new 
structures comprise the main building of three 
storeys totalling approximately 30,000 sq. ft. of 
floor area and seen in the centre of Fig. 1, on 
page 684, the metal-working shop which extends at 
right angles to the main building on the extreme 
left in Fig. 1, and an interior view of which is seen 
in Fig. 2, on page 684, and the melting shop which 
houses the 10-cwt. electric-arc furnace seen in 
Fig. 3, on page 685. The floor area of the metal- 
working shop is 10,000 sq. ft., and that of the melting 
shop 4,000 sq. ft. The other buildings are the cutlery 
laboratory, disposed in what used to be the offices 
of Messrs. Daniel Doncaster and Sons, Limited, 
one of whose works formerly stood on this site, 
the machine shop, the model-furnace room and the 
annexe, a temporary one-storey building erected in 
1948 and seen on the right in Fig. 1. 

The main block contains laboratories and work 
rooms, administrative offices, a conference room, a 
library and a canteen. It is built in such a manner 
that it can be extended at either end with the 
minimum cost and disturbance to current use, 
while the steelwork and foundations are such as to 
allow the addition of another storey to the building. 
All internal walls and partitions can be easily 
removed and re-arranged. The principal services, 
namely, electricity, gas, heating and air conditioning, 
water and drainage are laid in a comprehensive 
and everywhere accessible system of ducts carried 
to every working room in the building. This system 
allows work rooms and offices to be converted into 
laboratories and vice versa without interfering with 
the structure of the building. Four vertical brick- 
built shafts pass up through each floor from the 
basement to the roof. Each corridor has a false 
ceiling which forms a horizontal duct running its 
full length and width. Into these the services are 
led from the vertical ducts and access to them is 
obtained by means of removable ceiling panels. 
Secondary ducts branch off at right angles to the 
corridor, beneath the floors of the adjacent rooms, 
and are accessible through removable panels in the 
ceilings of the rooms below. 


CoLp Strrie-Roiiine MIL. 


The metal-working shop, a general view of which 
is seen in Fig. 2, on page 684, houses a wiredrawing 
machine shown in the foreground and some details 
of which are seen in Fig. 5, on page 688, a 200-ton 
forging press seen in the centre in Fig. 2 and also 
in Fig. 6, on page 688, and a cold-strip rolling mill 
seen in the background of Fig. 2 and also in Fig. 4, 
on page 688. The shop is a single-storey building 
of steel portal-frame construction with brick walls 
and a concrete floor. Large hollow glass-brick 
panels are inserted between most of the portal 
frames in order to obtain good natural lighting 
and also low heat losses. In the floor are arranged 
a network of ducts for the housing of the various 
services. Two of these ducts run the whole length 
of the building immediately inside the walls and 
are linked to two further ducts running across the 
width of the shop. These four. main ducts have 
removable concrete slab covers and are connected 
with the duct network extensions to the other two 
new buildings. They are provided with built-in 
lighting appliances and can be entered from the 
electrical substation, the longitudinal ones being 
large enough for maintenance men to walk through 
them. There are also numerous smaller ducts 
branching from the main ducts. The shop is 
served by a 10-ton electric overhead travelling crane. 

The rolling mill, which is seen in Fig. 4, on 
page 688 and in the background in Fig. 2, was 
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designed and built by W. H. A. Robertson and 
Company, Limited, but the electrical equipment 
has been designed and constructed by the Metro- 
politan-Vickers Electrical Company, Limited, snd 
the cable installation has been supplied by W. J. 
Furse and Company (Manchester) Limited. The 
plant consists of a high-speed reversible four-high 
cold strip mill; it will accommodate work rolls 
from 3} in. to 7 in. in diameter. The back-up rolls 
are 144 in. in diameter and all the rolls have a 
face width of 14 in. Roll balance and coil ejection 
are hydraulic and the guide table movements are 
pneumatic. The screw-down action is effected by 
two 5-h.p. motors, operated independently or 
together, the total design load being 300 tons. 
The main mill motor has a maximum output of 
750 h.p., and each coiler is equipped with a 200-h.p. 
motor which enables a wide range of front and 
back tensions to be applied. The coiler drums will 
accommodate a 4-ton coil, 12 in. wide and having 
a diameter of 56 in. Provision has been made to 
convert the mill into a two-high machine having 
rolls 144 in. in diameter, if required in the future. 

In order to allow as wide a field of cold-rolling 
research as possible to be undertaken, operating 
conditions have been extended far beyond the 
normal production limits. The speed of the main 
motor can be varied from 0 to 955 r.p.m., giving 
an ingoing strip speed of 0 to 1,750 ft. per minute 
with 7-in. diameter rolls. Back and front tensions 
can be applied and, for a given setting, are main- 
tained constant during acceleration, deceleration 
and change in coil diameter. Under normal 
running conditions the maximum tension available 
is 2 tons on each side, but there is a control device 
which will increase this by any factor up to 100 per 
cent. The control desk, seen in the foreground in 
Fig. 4, is divided into three sections. To the 
operator’s right are the coiler motor and tension 
controls. On the left are the screw-down controls 
and, grouped in the central section, are the master 
switch and subsidiary running controls. The roll 
force, back and front tensions and strip gauge are 
measured by means of instruments designed and 
built in the Association’s laboratories and displayed 
on the mill housing in front of the operator. 
Repeater meters are mounted in a cabinet so that 
a continuous photographic record can be obtained 
if required. The mill is also equipped for research 
on several systems of automatic gauge control. 


Hyprav.ic Forerne Press. 


The forging press shown in Fig. 6, on page 688, 
and in the centre in Fig. 2, was originally built in 
1939 by the Hydraulic Engineering Company, 
Limited, and was supplied to the Association by 
George Cohen, Sons and Company, Limited, in 
1952 after being stripped, completely overhauled 
and rebuilt. It is a vertical, down-stroke hydraulic 
machine of 200 tons capacity, the load being applied 
by a double-acting piston-type ram measuring 
10 in. by 10} in. in diameter and having a stroke of 
15 in. Oil is used as the pressure fluid. The 
moving table is guided by four 6-in. diameter 
steel columns and is fitted with removable phosphor- 
bronze bushes. The working tables measure 25 in. 
by 31 in. and are provided with platens having 
cruciform spigots for locating and locking the tools 
in position. The maximum daylight between the 
plates is 26 in. The maximum load can be set 
anywhere between the limits of 4 and 200 tons and 
repeated with an accuracy of + 24 per cent. 
Within the ranges 0 to 100 tons load, which is 
equivalent to 0 to 2,500 Ib. per square inch oil 
pressure, the ram speed is infinitely variable between 
0-03 in. per second aid 3-09 in. per second. In 
order to provide for the wide range of speeds and 
pressures required, Electraulic pumping and control 
gear supplied by Towler Brothers (Patents), 
Limited, Leeds, has been adopted. The pumping 
equipment consists of four high-speed units each 
comprising two “‘ in-line” plunger-type pumps and 
a 25-h.p. driving motor, together with a smaller 
high-speed axial plunger pump driven by a 4-h.p. 
motor. 

The five pump motors are controlled by a ten-way 
push-button station on the control panel which 
provides a “‘ stop” and a “ start’ button for each 
individual motor. Next to this is a seven-way 
station giving “close,” “‘open” and “stop” 
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control on the ram and “in” and “‘ out” control 
on each of two solenoid-operated by-pass valves. 
The main storage tank for the pressure oil is on 
the top of the press. To operate the press the 
small pilot pump is first started, as a supply from 
this operates some of the valves of the system. 
The pressing speed required is then obtained by 
starting up a selected number of the main pumps 
and obtaining a fine adjustment by exhausting part 
of the output of one pump. The variable-pressure 
relief valve is set at the required pressure and the 
press can then be operated by the “ close,” “ stop ” 
and “‘ open ” buttons. 


WIREDRAWING MACHINE. 


The wiredrawing machine seen in the foreground 
in Fig. 2, and the capstans and dies of which are 
shown in Fig. 5, on page 688, was designed and built 
by the Marshall Richards Machine Company, 
Limited, to the Association’s specification. It is 
a two-hole straight-line machine with a spool feed 
and “take-up” and with 18-in. diameter capstans 




















INTERIOR OF MetTat-WorkInG SuHop. 


mounted on vertical shafts coupled directly to the 
driving motors. Capstans and dies are water 
cooled. It is possible to submerge the whole of 
the drawing compartment in lubricant;  alter- 
natively, soap boxes may be fitted for dry drawing. 
The feed and take-up spools are motor-driven 
and can be either 36,in. or 42 in. in diameter to 
carry approximately either 1 ton or 2 tons of 
wire. The machine can be used to draw both 
ferrous and non-ferrous metal wire of an initial 
diameter between 0-040 in. and 0-104 in. under 
widely varying conditions. The maximum inlet 
speed is 2,500 ft. per minute and the maximum 
finishing speed is 5,000 ft. per minute. The main 
controls are on a desk facing the machine. These 
include “start” and “stop” controls for the 
whole of the plant, speed control of the entire plant, 
and acceleration and deceleration rate adjustments 
for the capstan and spool torques. 

The melting department consists of a single- 
storey steel-framed main shop and a two-storey 
brick building adjoining. The design allows for 
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Fie. 3. WerIcHING THE Roor oF THE ELECTRIC FURNACE. 


future extension in length. The floor of the main 
shop is of concrete and contains no service ducts. 
Laboratory services enter the building from a service 
duct immediately outside the wall and they pass 
in the form of ring mains at high and low level 
round the main-shop interior walls. The ground 
floor of the adjoining building houses the station 
compressed-air plant, the melting-shop arc-furnace 
transformer and its associated switchgear and con- 
trols. The first floor houses a small laboratory and 
an emergency water tank which is part of the 
water system to the arc furnace. 


MeEttTInc FurRNACES. 


The principal item of equipment in the melting 
shop is a 10-cwt. arc furnace seen in Fig. 3, above. 
It has been supplied by the Electric Furnace 
Company, Limited, and is in many respects of con- 
ventional Héroult design. The shell is 5 ft. in 
diameter and the height of the walls can be varied 
from 1 ft. 5 in. to 2 ft. 2 in., by the inclusion of 
Separate sections, respectively 3 in. and 6 in. in 
depth. Graphite electrodes, 4 in. in diameter, are 
in use at present, but research will also be conducted 
on Soderberg and other electrodes. Silica bricks 
have been employed in the roof and chrome- 
magnesite bricks for the walls of the furnace, but 
other materials may form the subject of experiments 
at a later date. The furnace bottom is of a (non- 
magnetic) austenitic steel in order that induction 
stirring equipment can be fitted at a later date if 
required. A specially-high maximum forward tilt 





of 60 deg. and a reverse tilt of 15 deg. are provided. 
The furnace transformer, supplied by the Metro- 
politan-Vickers Electrical Company, Limited, is 
of 500 kVA nominal capacity and is larger than would 
normally be used on a 10-cwt. furnace in order that 
the effects of high-power input rates can be investi- 
gated. It has eight voltage tappings ranging from 
64 to 180 volts. The melting shop is served by a 
3-ton ground-controlled overhead travelling crane, 
supplied by Herbert Morris, Limited. Among other 
investigations, work on the wear of the refractories 
is now in progress and in Fig. 3 the furnace roof is 
being weighed in connection with this research. 
Another melting furnace is installed in the 
annexe, the temporary building seen on the right in 
Fig. 1. This is an induction high-vacuum melting 
and casting set, supplied by Geritebau-Anstalt, 
Balzers, Liechtenstein, through the British agents, 
Allifor Trading Company, Limited. The equipment 
is shown in Fig. 7, on page 688, and consists of a 
V.8.G.25 (Vakuum Schmelz- und Giessanlage 25 kg.) 
set capable of melting and casting 55 lb. of iron. 
An open-air induction furnace for melting 100 Ib. of 
iron has also been supplied and both furnaces are 
fed from a common high-frequency (10,000 ¢/s) 
vertical spindle A.E.G. motor generator of 110-kW 
rating. The vacuum melting and casting apparatus 
embodies a _ fixed, double-walled, water-cooled 
stainless-steel container which has a volume of 
184 cub. ft., and a rotatable coaxial high-frequency 
lead-through forming a carrier for the induction coil, 
in which stands the melting crucible. The hinged 


water-cooled lid of the container seats on a rubber 
gasket and is fitted with a quartz-glass observation 
window and a large vacuum-tight storage chamber 
having six compartments for containing metals or 
alloys to be added during the course of a melt. 
If required, as much as 40 lb. of materials can be 
added to the melt within the high vacuum. Casting 
in the high vacuum is accomplished by tilting the 
induction coil containing the melting crucible and 
pouring the molten metal into a fixed mould sup- 
ported on an adjustable stainless-steel baseplate. 
Facilities are available for either heating or cooling 
the mould. A dip thermocouple is provided and 
this can be operated by a handle outside the con- 
tainer. The set is to be used for several purposes, 
including the production of metals and alloys of 
the highest purity, free from gas; the application 
of special casting processes ; the vacuum distillation 
of metals; and vacuum sintering. 


FatiavE AND METALLURGICAL EQUIPMENT. 


Also in the annexe is a laboratory containing 
12 fatigue testing machines of the two-point loading 
rotating bending type, similar in design to those 
used by the National Physical Laboratory and other 
research organisations. Loading is achieved by 
means of a couple acting through a rigid link 
system, producing what is virtually a condition of 
constant bending moment over the whole of the 
test length of the specimen. The speed of the 
machines is controlled and rates up to 5,000 r.p.m. 
are possible. Each of the 12 machines is therefore 
able to provide approximately seven million stress 
cycles every 24 hours. 

The metallurgy laboratory is concerned with the 
behaviour of steel, under heat treatment for 
example, and with special steels. Its resources 
include an analytical-chemistry laboratory. Other 
laboratories and work rooms housed in the main 
building deal with such subjects as ingots and ingot 
moulds, gas analysis, vacuum fusion gas analysis, 
spectrography, X-ray studies, research on coatings 
and metal surfaces, strain-gauge technique, strain- 
ageing and stretcher strains. 

The new buildings were begun in August, 1950 ; 
Husband and Company have acted as consulting 
engineers and architects and the main contractors 
have been George Longden and Company, Limited. 
The cost of the new buildings was about 300,0001., 
while that of the equipment was 200,0001. It is 
interesting to note that the works of Daniel Don- 
caster and Sons, Limited, included three cementa- 
tion furnaces, examples of a centuries-old but now 
extinct process for making blister steel. The last 
of these furnaces was drawn in 1951 and it is 
believed to have been the last in the world to 
operate. Thus, @ survivor of one of the oldest 
methods of steelmaking has made way for a research 
station which, in many respects, is the most modern 
in the world. 





TELEVISION Exuisition.—The annual exhibition 
of the Television Society will be held at the Electrical 
Department, King’s College, Strand, London, W.C.2, 
on Thursday, Friday and Saturday, January 7, 8 and 9, 
1954, opening on these days at 6 p.m., 12 noon, and 
10 a.m., respectively. The closing time will be 9 p.m 
daily. A wide range of commercial and industriel 
equipment will be on show by the 40 firms taking part 
in the exhibition. Some research apparatus will be 
exhibited for the first time. Only members of the 
Society and the Press will be admitted on January 7, 
but tickets of admission for January 8 and 9 may be 
obtained gratis on application to the secretary of the 
Society, 164, Shaftesbury-avenue, London, W.C.2. 





Mortor-VEHIcLE Propvuction.—In the month of 
October 75,000 motor vehicles were produced in the 
United Kingdom. Of these, 53,000 were cars and 
22,000 were commercial vehicles. In the same month 
25,700 cars and 11,150 cémmercial vehicles were 
exported. Commenting on these figures, Mr. W. R. 
Black, President of the Society of Motor Manufac- 
turers and Traders, said “ —— during the ten 
months of this year were 23/. million less in value than 
for the same period in 1952. It is, however, pleasing 
to note that the upward trend (apart from heavy com- 
mercial vehicles) continues. This has been helped by 
the seasonal demand and the highly successful Motor 
Show. If we are to maintain our position in world 
markets costs must come down and we must ensure 
that our prices remain competitive in view of increasing 





international competition.” 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


INDUSTRIAL DEVELOPMENT OF East ScorLanp.— 
Edinburgh and the adjacent counties offered immense 
ibilities for industrial development, said Mr. George 
eitch on November 16, when he presided at the 
quarterly meeting of the Edinburgh Chamber of 
Commerce and Manufacturers. Scotland was changing 
from a country of traditional heavy industries to one 
having a more balanced economy in which light 
industries had a place. Under the present development 
plans, Edinburgh would not increase in size, but it was 
expected that a constellation of towns within 20 miles 
of the boundaries of the city would arise, each con- 
ducting a number of prosperous light industries. 





ProsectepD Gravinc Dook at GREENOCK.—The 
Clyde Navigation Trust decided at a meeting in 
Glasgow on November 17 to obtain every possible 
support for the construction of a graving dock in the 
Greenock area. This would be 1,200 ft. long, not less 
than 120 ft. wide, and have a depth on the sill of at 
least 40 ft. The case for such a dock being a Government 
responsibility in the national interest should, it was 
agreed, be strongly pressed in the “‘ proper quarter.” 





INAUGURATION OF MONKTONHALL COLLIERY.—A 
large new colliery is planned to be inaugurated shortly 
at Monktonhall, in the Lothians, about a mile north- 
west of Dalkeith. It will tap an area containing an 
estimated 100,000,000 tons of coal lying at a depth of 
about 2,500 ft. This will give it a life of about 100 years 
on the projected output basis of 4,000 tons a day. An 
output per manshift of at least 40 cwt. is envisaged. 





RESEARCH DEPARTMENT OF YaRROw & Co., Ltp.—In 
his annual statement to shareholders of Yarrow & Co., 
Ltd., Glasgow, Sir Harold Yarrow, the chairman, 
reports that a few years ago the company formed a 
research department in co-operation with the Admiralty 
with a view to designing advanced types of marine 
machinery for future naval construction. One of the 
lines of development under investigation is understood 
to be the use of higher steam pressures and tempera- 
tures. 





Gas TurBINEs ror Motor Cars.—Mr. Leonard P. 
Lord, chairman of the British Motor Corporation Ltd., 
at a luncheon in Glasgow to Scottish agents of the 
Austin Motor Company, held on November 17, said 
that the corporation were experimenting with gas 
turbines. If asked whether they would be applied 
to cars he would answer “ Yes.” The development 
scheme had cost 6,000,000/. in its first two years, and 
a good deal was taking place behind the scenes at their 
works, the fruits of which would be seen within the 
next two to four years. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THe Norra East anp THE British INDUSTRIES 
Farr.—The Board of Trade has reported that there 
has been a poor response by North East firms to 
invitations to take part in next year’s British Industries 
Fair. About 600 invitations were issued, but only a 
“mere handful” are stated to have accepted them, 
although it is — that others may accept later on. 
At the 1953 Fair, only 15 firms from the North East 
took part. 


BiytH Coat Exports ExceEp Pre-war Rate.— 
At the monthly meeting of Blyth Harbour Commis- 
sioners, it was reported that coal shipments from 
Blyth in October were 564,147 tons, making 4,817,907 
tons for the ten months of the year, compared with 
4,773,970 tons in 1938. This year, 875,714 tons have 
been sent overseas. 








Expansion oF Cottriry Inpustry at BIsHoP 
AvUCKLAND.—At the quarterly meeting of the Bishop 
Auckland and District Employment Committee, the 
secretary, Mr. A. G. Byde, referred to encouraging 
features of the local mining industry. He stated that 
for the first time for 30 years the depressing contraction 
of the industry with closed, derelict and waterlo 
pits was being replaced by some expansion. There 
was still contraction in the Crook area, where 130 miners 
had become redundant in the last 18 months and had 
been transferred to other pits. Greater stability, 
however, was e ted at ell th and a new 
drift was pro at Oakenshaw. The first result of 
the de-watering scheme was the reopening of the 
Bildershaw mine. Further drifts were to be driven 
at Metal Bridge, Westerton, Tudhoe Mill, Shildon, 
Evenwood and Esperley. 


SgmtteD Man-POWER FOR PaLLION Factory.— 
Difficulties experienced by the Bristol Aeroplane Co., 
Ltd., in recruiting skilled labour locally for their factory 
at Pallion, Sunderland, were referred to at a meeting 
at Newcastle-on-Tyne of the Northern Licensing 
Authority for public service vehicles. It was stated 
that men had had to be recruited from South Shields 
and Newcastle-on-Tyne to work at Pallion, and some 
of them were experiencing travelling difficulties. The 
licensing authority gave permission to the Northern 
General Transport Co., Ltd., to operate express con- 
tract “buses for the Bristol Company’s employees 
between South Shields and Pallion and between 
Newcastle and Pallion. 





Raw Propuction at Workineton.—During the 
past financial year, the production of rails, steel 
sleepers and fishplates at the Workington branch of 
the United Steel Companies, Ltd., reached the record 
total of 159,835 tons. The previous highest figure 
was 120,176 tons. 





Tue Late Mr. W. C. HucHes.—Mr. William Charles 
Hughes, chief analyst to Imperial Chemical Industries 
Ltd., Billingham-on-Tees, until his retirement last 
year, has died at Norton, Stockton-on-Tees, at the age 
of 65. He started his career in 1905 with Brunner, 
Mond, Ltd., and later joined Synthetic Ammonia and 
Nitrates, Ltd., which afterwards became part of the 
I.C.I. organisation. 





Tue Late Mr. AntHony Witson.—The death has 
occurred suddenly, at Keswick, of Mr. Anthony Wilson, 
who had been connected all his life with the lead-mining 
industry. He was a member of the Institution of 
Mining Engineers and of the Institution of Mining 
and Metallurgy. He had been managing director of 
Thornthwaite Lead Mines, the Carrick Fell tungsten 
mine, and the Threlkeld lead mine, all of which are 
now disused. After the first World War, Mr. Wilson 
became chairman of the Lead and Zinc Mining Associa- 
tion. At the time of his death he was a director of 
the Weardale Lead Co. and an alderman on Cumberland 
County Council. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Census oF Propvction.—Sheffield Chamber of 
Commerce has protested that the Census of Production 
and Distribution has no practical interest for the many 
and only a curiosity value for the few. A question- 
naire circulated to a thousand members has prompted 
the criticism that “it is an expensive and unwarranted 
exercise in statistics and its use is nothing like com- 
mensurate with the trouble involved.” The smaller 
firms, it is stated, have to neglect vital work to provide 
the requisite answers, as very little information is kept 
in the form required by the Government. 





Lone-Service Graturties.—At the works of 
Newton, Chambers & Co., Ltd., Thornclifte, near 
Sheffield, there are 69 people over 65 doing good service, 
and 30 employees serving who have been more than 
50 years with the firm. The directors have decided 
that employees having more than ten years’ continuous 
servic® will be eligible for a gratuity on retirement at 
65 or over. Gratuities will range from 10s. a year for 
ten years’ good service to 50s. a year for 50 years. 
A man with 50 years’ good service will accordingly 
qualify for a retirement gratuity of 125/. 





SHEFFIELD-MANCHESTER Rattway ELECTRIFIOCA- 








TION.—The railway-electrification scheme between 
Wath goods yard and Manchester, and between Shef- 
field and Manchester, will have been completed by 
the beginning of September of next year, when steam 
locomotives will be replaced by electric locomotives. 
The overhead wiring is almost complete, and most 
of the work to be done comprises the installation of 
signalling and communications systems. Electric 
locomotives are already in use between Wath and 
Dunford Bridge. 





DaLton EXHIBITION oF HARWELL Atom TECH- 
NIQUES.—Some of the latest tools and techniques 
developed by Harwell scientists for handling radio- 
active materials have been on display in Manchester 
Town Hall at the Dalton Commemorative Exhibition 
yesterday and to-day, November 26 and 27. The 
Exhibition has been staged by the Ministry of Supply. 


THE MIDLANDS. 


Atomic Power Stupy aT UNIVERsITy.—An investi- 
gation into the development of new synthetic methods 
in organic chemistry is to be carried out by the Depart- 
ment of Chemistry of the University of Birmingham. 
It is being undertaken by arrangement with the Atomic 
Energy Research Department, Harwell, as a result of 











the proposal to set up atomic power stations. A radia- 
tion unit is being formed to carry out work in the field 
of carbohydrates, using gamma radiation. 





SHORTAGE OF ORDERS FOR STEEL TuBES.—A shortage 
of orders for steel tubes has caused the working week 
in the billet mill at the Bilston Steelworks of Stewarts 
and Lloyds, Ltd., to be reduced from 17 to 15 shifts, 
About 300 men are affected by the new arrangement, 
which is confined to the one department. 





Exectric Power Linz Inquiry.—The British Elec- 
tricity Authority’s ag ew to carry a 275-kV overhead 
power line across the Cotswold Hills, from Hams Hall 
‘““C” power station, near Birmingham, to Melksham, 
Wiltshire, has met with objections from the county 
councils of Gloucestershire and Worcestershire. A 
public inquiry has been ordered by the Ministry of Fuel 
and Power, to be held at Cheltenham on December 2, to 
hear these objections. 





Works Exursition.—To keep their workpeople 
informed of the company’s activities, the Talbot-Stead 
Tube Company, Ltd., Green-lane, Walsall, recently 
arranged an exhibition at their works, showing many 
of the uses to which steel tubes can be put. It was open 
to employees and their families, and was visited by 
about 3,000 people. 





University Course 1n Som Mecuanics.—It is 
Ee. providing sufficient support is received, to 

old an evening course in Soil Mechanics in the Depart- 
ment of Civil Engineering of the University of Birming- 
ham, commencing on Wednesday, January 27, 1954, 
for a period of approximately 16 weeks. This course 
is being arranged at the instigation of the Institution 
of Municipal Engineers, West Midlands District. Par- 
ticulars are obtainable from the Director of Extra- 
Mural Studies, The University, Edmund-street, Bir- 
mingham, 3. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


Hicu Propuction By STEEL CoMPANY OF WALES.— 
A new record has been set up for steel production at 
the Steel Company of Wales works at Port Talbot. 
When the company first embarked on their develop- 
ment project which included the reconstruction of the 
Margam Works and the construction of the large 
Abbey Works, it was estimated that the plant would 
produce about 30,000 tons of steel ingots a week. 
During the week ended November 15 the target was 
reached for the first time. In that week the three 
melting shops at Port Talbot, Abbey and Margam 
works produced a total of 30,093 tons. Of this total, 
7,096 tons were produced at the Margam works, which 
constituted a record. The blast-furnace plant at 
Margam produced a record 18,364 tons of pig-iron in 
the same week. As a result of these outputs the hot 
strip mill at Abbey Works was able to roll a record ton- 
nage of 27,324 tons of steel strip in coils and plates. 





SoutH Wags Ports TraFric.—The activity in the 
iron and steel industry of South Wales has been 
reflected in a large increase in the importation, through 
the local ports, of iron ore from foreign countries. In 
the first ten months of this year, arrivals amounted to 
2,207,723 tons against 1,857,398 tons in the correspond- 
ing period of last year. Exports of coal continued to 
make steady progress, shipments this year totalling 
3,208,358 tons against 3,126,532 tons in the correspond- 
ing period of 1952. Import traffic into all the ports 
rose from 8,422,547 tons to 8,477,467 tons, but exports 
fell from 10,653,549 to 9,730,506 tons. 





Prick or CoaL AND WaGE Demanps.—A special 
delegate conference of South Wales miners to be held 
in Cardiff on November 30, is to urge the Government 
to reconsider the price of coal for industrial users and 
to expedite their decision on the miners’ pay demands. 
Mr. D. D. Evans, vice-president of the South Wales 
area of the National Union of Mineworkers, said after 
a meeting of the executive council that coal was being 
sold too cheaply to certain large industrial users, and, 
as a result, the mining industry could not meet the 
weges of the miners. 





RATIONALISED METRE-KILOGRAMME-SECOND SYS- 
TEM.—It is proposed to hold two short courses at 
the College of Technology, Bristol, to advance the 
use of the rationalised metre-kilogramme-second 
system of electrical units. The first course, a part-time 
one, will be held on six evenings : Mondays and Wed- 
nesdays of the weeks beginning April 26, May 3 and 
May 10, 1954, from 6.30 to9 p.m. A full-time course 
will also be held at Wills Hall, Stoke Bishop, Bristol, 9, 
during the week-end April 2-4, 1954. Further par- 
ticulars are obtainable from the secretary, Regional 
Council for Further Education for the South West, 12, 
Lower Castle-street, Bristol, 1. 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Monday 
morning in the week preceding the date of the meeting. 





RoyYaL SocreETy.—Monday, November 30, 2.30 p.m., 
Burlington House, Piccadilly, W.1. Anniversary Meet- 
ing. 

CHEMICAL Socrety.—Nottingham Branch: Monday, 
November 30, 5 p.m., University College, Leicester. 
“Structures of Some Electron-Deficient Solids,’ by 
Professor H. C. Longuet-Higgins. Bristol Branch: 
Thursday, December 3, 7 p.m., The University, Bristol. 
“Metallurgical Trends of Interest to the Chemical 
Industry,” by Mr. L. Rotherham. Birmingham Branch: 
Friday, December 4, 4.30 p.m., The University, Birming- 
ham. ‘Some Intermolecular Compounds,” by Mr. 
H. M. Powell, F.R.S. 

INSTITUTION OF SANITARY ENGINEERS.—Monday, 
November 30, 5 p.m., Jubilee Building Exhibition, 
Olympia, W.14. ‘“‘ Notes on Drainage, Sanitary and 
Heating Services of Local Authority Housing,” by Mr. 
H. Charlesworth. 

RoyaL Society OF ArtTs.—Monday, November 30, 
6 p.m., John Adam-street, Adelphi, W.C.2. Cantor 
Lectune. ‘‘ Alloys—II,’”’ by Mr. G. L. Bailey. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, November 30, 6 p.m., Town Hall, 
Birmingham. Faraday Lecture on “ Electrical Process 
Heating: An Aid to Productivity,” by Mr. O. W. 
Humphreys. District Meeting: Monday, November 30, 
7.15 p.m., George Hotel, Reading. ‘‘ Sound Recording,”’ 
by Dr. G. F. Dutton. Measurements Section: Tuesday, 
December 1, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on ‘“ Influence of Legislation on Costs of 
Metering,’’ opened by Mr. S. Howarth. North-Western 
Centre: Tuesday, December 1, 7 p.m., Engineers’ Club, 
Manchester. Annual Lecture on ‘“‘ What Is Philosophy,” 
by Professor Dorothy M. Emmet. Radio Section: 
Wednesday, December 2, 5.30 p.m., Victoria-embank- 
ment, W.C.2. (i) ‘‘ Telegraph Codes and Code Con- 
verters,” by Mr. T. Hayton, Mr. C. J. Hughes and Mr. 
R. L. Saunders; and (ii) ‘‘ Code Converters for the 
Interconnection of Morse and Teleprinter Systems,” by 
Mr. R. O. Carter and Mr. L. K. Wheeler. Southern 
Centre: Wednesday, December 2, 6.30 p.m., Municipal 
College, Portsmouth. Joint Meeting with the INstirv- 
TION OF MECHANICAL ENGINEERS (Southern Branch). 
“ Design Features of Certain British Power Stations,” 
by Mr. S. D. Whetman and Mr. A. E. Powell. Jnstitu- 
tion: Thursday, December 3, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘‘ Technical Arrangements for 
the Sound and Television Broadcasts of the Coronation 
Ceremonies on June 2, 1953,”” by Mr. W. S. Procter, Mr. 
M. J. L. Pulling and Mr. F. Williams. East Midland 
Centre: Thursday, December 3, 7.15 p.m., De Montfort 
Hall, Leicester. Repetition of Faraday Lecture. North 
Midland Centre: Thursday, December 3, 7.15 p.m., 
Yorkshire Electricity Board, Ferensway, Hull. ‘“ 275-kV 
Developments on the British Grid System,”’ by Mr. D. P. 
Sayers, Dr. J. S. Forrest and Mr. F. J. Lane. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Wales and 
Monmouthshire Branch: Monday, November 30, 6.30 
p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. ‘‘ Welded Structures,” by Mr. S. M. Reisser. 
Northern Counties Branch: Tuesday, December 1, 6.30 
p.m., Cleveland Scientific and Technical Institution, 
Middlesbrough. ‘‘ Reconstruction of a Soaking Pit 
Building,” by Mr. H. C. Husband and Mr. K. H. Best. 
Also on Wednesday, December 2, 6.30 p.m., Neville 
Hall, Newcastle-upon-Tyne. Scottish Branch: Thuis- 
day, December 3, 6 p.m., Elite Hotel, Windsor-street, 
Edinburgh. ‘“ Alkali Reaction in Concrete,” by Dr. 
James E. Richey. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, November 30, 7.30 p.m., 
The University, Leeds. ‘‘ Recent Applications of Elec- 
tronics in Industry,’ by Mr. R. H. Wheat. London 
Branch: Tuesday, December 1, 7 p.m., Royal Society 
of Arts, John Adam-street, Adelphi, W.C.2. ‘“* The 
Financial Implication of Plant Installation,’ by Mr. 
H. L. Layton. Edinburgh Branch: Tuesday, December 
1, 7 p.m., 25, Charlotte-square, Edinburgh. ‘‘ Mainten- 
ance Painting,” by Dr. T. A. Banfield. Southampton 


Branch: Wednesday, December 2, 7.30 p.m., Polygon 
Hotel, Southampton. Open Meeting. Peterborough 
Branch: Thursday, December 3, 7.30 p.m., Offices of 


the Eastern Gas Board, Church-street, Peterborough. 
Discussion on ‘“‘ Plant Engineering,’’ opened by Mr. A. P. 
Brockbank. 

INSTITUTION OF CIVIL ENGINEERS.—Road Engineering 
Division: Tuesday, December 1, 5.30 p.m., Great 
George-street, S.W.1. ‘‘ Design and Construction of’a 
High-Speed Test Track for Motor Vehicles,” by Mr. 
talph Freeman and Mr. J. A. Neill. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—Tuesday, December 1, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘ A Century of Coaster Design 





and Operation,” by Mr. J. C. Robertson and Mr. H. H. 
Hagan. 

INSTITUTE OF METALS.—South Wales Local Section‘ 
Tuesday, December 1, 6.45 p.m., University College, 
Singleton Park, Swansea. ‘‘ Metallurgical Research in 
the Electrical Industry,” by Dr. Ivor Jenkins. Oxford 
Local Section: Tuesday, December 1, 7 p.m., Cadena 
Café, Cornmarket-street, Oxford. ‘‘ Welding,” by Dr. 
W. I. Pumphrey. London Local Section: Wednesday, 
December 2, 7.30 p.m., Waldorf Hotel, Aldwych, W.C.2. 
Joint Meeting with the INSTITUTE OF BRITISH FOUNDRY- 
MEN (London Branch). ‘“ Bell Founding,’ by Mr. H. 
Howard. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Eastern 
Centre : Tuesday, December 1, 7 p.m., Dujon Restaurant, 


Peterborough. ‘“ Design of Automotive Piston and 
Ring Assemblies,” by Mr. L. Howell. North-West 
Centre: Tuesday, December 1, 7.30 p.m., Victoria 


Station Hotel, Preston. ‘“‘ Maintenance of High-Speed 
Diesel Engines,” by Mr. H. L. Parrish. Western Centre: 
Thursday, December 3, 7.30 p.m., Grand Hotel, Bristol. 
** Lubricants and Greases for Road Transport Vehicles,”’ 
by Dr. E. M. Dodds. 

INSTITUTION OF ENGINEERING INSPECTION.—South 
Western Branch: Tuesday, December 1, 7.30 p.m., 
Grand Hotel, Bristol. ‘‘ Engineers at War. Part 1.— 
Bridging and Communications,’”’ by Mr. W. H. Hooper. 
Coventry Branch: Tuesday, December 1, 7.30 p.m., 
Coventry Technical College, Coventry. ‘‘ Developments 
of Mining Machinery,” by Mr. H. Entwistle and Mr. D. 
Creeth. Birmingham Branch : Wednesday, December 2, 
7.30 p.m., 95, New-street, Birmingham. -‘ Metallurgical 
Control of Drop Forgings,’’ by Mr. K. J. Abbot. London 
Branch: Thursday, December 3, 6 p.m., Royal Society 
of Arts, John Adam-street, W.C.2. ‘‘ Work of the 
Printing, Packaging and Allied Research Trades Associ- 
ation,’’ by Dr. G. MacDougall. 

INSTITUTE OF PETROLEUM.—Wednesday, December 2, 
5.30 p.m., 26, Portland-place. W.1. Redwood Lecture 
on “ The Friction of Solids,’ by Dr. F. P. Bowden, 
F.R.S. 

INSTITUTION OF PRODUCTION ENGINEERS.—Nottingham 
Section: Wednesday, December 2, 7 p.m., Victoria 
Station Hotel, Nottingham. Open Discussion Meeting. 
Wolverhampton Section: Wednesday, December 2, 
7.15 p.m., Wolverhampton and Staffordshire Technical 
College, Wolverhampton. ‘‘ Human Relations in Indus- 
try,”’ by Professor T. U. Matthew. Halifax Section: 
Wednesday, December 2, 7.15 p.m., White Swan Hotel, 
Halifax. ‘‘ Interesting Set-Ups on Machine Tools,” by 
Mr. R. C. Fenton. London Branch: Thursday, Decem- 
ber 3, 7 p.m., Old Ship Hotel, Brighton. ‘“‘ Scientific 
Administrative Methods and Engineering Production,” 
by Mr. C. Cooper. 


JUNIOR INSTITUTION OF ENGINEERS.— Midland Section: 
Wednesday, December 2, 7 p.m., James Watt Memorial 
Institute, Birmingham. ‘‘ Gas Turbines,” by Mr. R. E. 
Wigg. Institution: Friday, December 4, 7 p.m., 
Townsend House, Greycoat-place, S.W.1. Film Evening. 


INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Western Branch: Thursday, December 3, 6.45 p.m., 
Engineers’ Club, Manchester. (i) ‘‘ A Room-Tempera- 
ture Photoelastic Technique for Three-Dimensional 
Problems,” by Drs. J. H. Lamble and S. E. A. Bayoumi ; 
and (ii) ‘“‘ Use of Gelatin Models in Structural Analysis,”’ 
by Mr. J. D. C. Crisp. Western Branch: Thursday, 
December 3, 7 p.m., Grand Hotel, Bristol. ‘‘ An Experi- 
mental Single-Stage Air-Cooled Gas Turbine,” by 
Mr. J. Reeman and Mr. R. W. A. Buswell. Eastern 
Branch: Thursday, December 3, 7.30 p.m., Forum Res- 
taurant, Oxford. Chairman’s Address on ‘“ Industrial 
Gas Turbines,” by Mr. H. Norman G. Allen. Institution 
(Applied Mechanics Group): Friday, December 4, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
(i) ‘Comparative High-Temperature Properties of 
British and American Steels,” by Mr. W. E. Bardgett 
and Dr. C. L. Clark; and (ii) ‘“‘ A Critical Examination 
of Procedures Used in Britain and the United States to 
Determine Creep Stresses for the Design of Power Plant 
for Long Life at High Temperatures,” by Dr. R. W. 
Bailey, F.R.S. 

INSTITUTE OF FUEL.—North-Western Section: Thurs- 
day, December 3, 7 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. ‘‘ Modern Approach to Smoke Abatement,”’ 
by Mr. A. Marsh. South Wales Section: Friday, Decem- 
ber 4, 6 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. ‘‘ Insulation of Large Buildings,’ by 
Mr. H. G. Goddard. 

INSTITUTION OF WATER ENGINEERS.—Friday, Decem- 
ber 4, 10 a.m. and 2.15 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. (i) “ Stratification and 
Overturn in Lakes and Reservoirs,” by Mr. R. W. 8. 
Thompson; (ii) “ Reduction with 
Capacity of Pipelines,’ by Mr. P. A. Lamont; and 
(iii) ‘‘ Construction of Borehole in Unconsolidated Forma- 
tion with Graded Filter,” by Mr. R. J. Bell. 

Roya INstiTruT1Ion.—Friday, December 4, 9 p.m., 
Albemarle-street, W.1. ‘“‘ Dislocation, Fracture and 
Fatigue,” by Professor N. F. Mott. 


Age of Carrying, 





PERSONAL. 


Prorsssor N. F. Mort, F.R.S., has been awarded a 
Royal Medal for 1953 by the Council of the Royal 
Society for his work in the field of the quantum theory 
and particularly in the theory of metals. 

Mr. W. L. Bessy, O.B.E., M.I.Mech.E., M.I.P.E., 
A.LE.E., has been appointed director of the Edison 
Swan Electric Co. Ltd., and, as director, will be in 
charge of manufacture. 

Mr. O. E. Krysman, A.M.I.Loco.E., divisional 
motive power superintendent, British Railways (Mid- 
land Division) is retiring on Monday, November 30. 

Mr. F. A. A. Menzuzr, C.B.E., chief development 
and research officer, London Transport Executive, 
has been appointed a member of the Royal Commission 
on the Civil Service. 

Mr, J. R. Ketty will join the board of directors of 
Vickers-Armstrongs Ltd., on December 1, and as 
announced on page 399, ante, takes over the office of 
general manager of the Crayford, Dartford and White- 
head torpedo works of the firm on that date. 

Mr. E. R. Jonzs, director and secretary of Ruston 
and Hornsby Ltd., and a director of Ruston-Bucyrus 
Ltd., was appointed a director of Davey, Paxman & Co., 
Ltd., Colchester, on October 30. 

Mr. J. T. Fiemme, who joined the North British 
Locomotive Co., Ltd., as works general manager in 
February, 1952, has been made a director. 

Mr. F. WaxE has been elected managing director of 
E. G. Brown & Co. Ltd., West-road, N.17, in succession 
to the late Mr. E. G. Brown. 

Mr. D. A. S. Catrns, Q.C., will take up the post 
of chairman of the Monopolies and Restrictive Practices 
Commission on January 1, 1954, in succession to Sir 
ARCHIBALD CarTER, G.C.M.G., K.C.B., K.C.1.E. 

Mr. F. S. FuetcHer is to retire next summer from 
his position as consultant and adviser to the Tees Side 
Bridge and Engineering Works Ltd., Middlesbrough. 
For more than 30 years he was a director and general 
manager of the company. 

Mr. J. M. Pumpurey, production manager for the 
South Northumberland area of the Northern (North- 
umberland and Cumberland) Diyision of the National 
Coal Board, has been appointed production director to 
the Division in succession to Mr. R. D. Guass, who is 
taking up an appointment in South Africa. 

Mr. R. W. Auten, B.Sc. (Eng.), A.M.I.E.E., has 
been appointed North-East Area representative for 
Nife Batteries, Redditch, in succession to Mr. 8. K. 
HopekKInson. 

Mr. M. D. Davipson has been appointed Scottish 
technical sales representative for Smiths Industrial 
Instruments Ltd., Cricklewood, London, N.W.2. 
He will operate from 153-155, Bothwell-street, 
Glasgow, C.2. (Telephone : Glasgow Central 3972.) 

Mr. A. Busnowskr has been appointed sales and 
service superintendent of the Scottish Gas Board 
(Glasgow Division). He is a senior lecturer on gas 
supply at the Royal Technical College. 

To reflect the broadened activities of the company, 
Smrru’s Execrric Veutctes Lrp., Team Valley, 
Gateshead-on-Tyne, 11, have decided to change their 
name to SmitH’s DELIVERY VEHICLES Lp. 

Tue TuBELA ENGINEERING Co.. Lrp., Furze-street, 
Bow, London, E.3, have appointed F. J. Epwarps 
(Canapa) Lrp., 16, Watson’s-drive, P.O. Box 72, 
Toronto, 18, Ontario, to be their sole distributing 
agents in Canada, and Rabon, Petersen & Co., LTD., 
4, Exeter-street, Holloway Head, Birmingham, 1 
to be their sole distributing agents in Latin America. 

As from December 1, the address of the head office 
of G. E. Stumm (Macutnery) L1p., and of their associate 
company, G. E. Summ (ENGINEERING) L1p., will be 
changed to 27, Broomgrove-road, Sheffield, 10. The 
ad s of their branch offices in South Wales and 
Scotland remain unchanged. 

Davipson & Co., Lrp., Sirocco Engineering Works, 
Belfast, announce that their Newcastle office has been 
removed to 12, Grey-street, Newcastle-upon-Tyne, 1. 

Tue Betmos Co., Lrp., Bellshill, Lanarkshire, have 
opened a new showroom in Columbia House, Aldwych, 
London, W.C.2. 

British Stream Speciatties Lrp., Fleet-street, 
Leicester, have been appointed the sole distributors 
for Vee-Reg globe combined regulating and stop valves 
throughout the United Kingdom and Eire. 

W. Epwarps & Co. (Lonpon) Lrp., announce that 
their move to new premises at Manor Royal, Crawley, 
Sussex, has now been completed. 

Geo. Satter & Co., Lrp., West Bromwich, Stafford- 
shire, founded nearly 200 years ago, are shortly to 
become a public company. 

Mera Propetiers Lrp., 74, Purley Way, Croydon, 
Surrey, have been granted a licence to design and 
supply the Shell Petroleum Co.’s patent Turbogrid 
distillation trays. They will also continue to manufac- 
ture the Glitsch ‘‘ Truss-type ” bubble cap trays. 
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TRAINING 
FOR PRODUCTION. 


Or 58 reports prepared by productivity teams 
after visits to the United States, 45 gave “the 
extensive use of mechanical aids” as one of the 
reasons for the high level of productivity attained 
in that country and 43 gave ‘‘ appreciation by work- 
people of the need for higher productivity” as 
another. It is possible that these two factors 
furnish the main explanation for the lag between 
British and American outputs; they have both 
been commented on several times in our columns 
and will not be now discussed anew. There were, 
however, other factors mentioned in many of the 
reports which certainly have a bearing on the sub- 
ject. Of the 58 reports, 36 suggested that one 
reason for high American productivity was “ pro- 
duction planning and control,” 33, that another 
was “ work study” and 30 that the “ progressive 
attitude of management ” was a factor. 

These latter three reasons are within the control, 
or, at any rate, fall within the sphere, of manage- 
ment although, certainly, the activities and projects 
of the most enlightened direction may be hampered, 
or even negatived, by recalcitrant labour, In the 
many discussions about the universities and indus- 
try which have been held in this country, stress has 
been laid on the fact that there are not enough 





pared with British, industrial output has been 
added to by a valuable report by Mr. H. C. Wiltshire, 
M.Se., M.I.Mech.E., M.I.E.E., which is concerned 
with this question of the supply of suitably trained 
men for the managerial side of industry. Mr. 
Wiltshire visited educational and industrial estab- 
lishments in the United States as a result of a 
travelling scholarship. His report, entitled “‘ The 
Teaching and Practice of Production Management 
in the U.S.A.,” gives details of the training courses 
available in American establishments of university 
status and compares them with the provisions made 
in this country. 

Mr. Wiltshire remarks that while most British 
universities award degrees in Commerce, it appears 
to be generally supposed that industrial manage- 
ment is not a suitable subject for academic atten- 
tion. None the less, one of the older universities 


2 awards degrees in Estate Management and the 


newer universities offer degrees in Domestic Science, 
another name for home management, which may be 
an important subject, but industrial management 
can hardly be rated as less so. Provision for post- 
graduate study in managerial methods is also very 
limited in Great Britain. It is not entirely lack- 
ing; the Chair of Engineering Production at 
Birmingham University provides a one-year post- 
graduate course and the Chair of Aircraft Econo- 
mics and Production at the College of Aeronautics, 
Cranwell, operates a two-year post-graduate course 
for engineers wishing to take up executive posts in 
the aircraft and allied industries. There are some 
others, of which the report gives particulars; the 
Royal Technical College, Glasgow, provides a one- 
year post-graduate course in production engineering 
and the College of Technology, Manchester, operates 
a one-year course leading to a Certificate of Indus- 
trial Administration. The London School of 
Economics holds a somewhat similar course, but 
from the point of view of engineering management, 
its most important activity is a joint arrangement 
with the Imperial College of Science and Techno- 
logy for post-graduate studies in technology, 
economics and administration. 

Post-graduate courses are common in the United 
States, and Mr. Wiltshire gives particulars of those 
conducted by the Cornell, Columbia, Northwestern, 
New York and Harvard Universities, and the 
Massachusetts and Carnegie Institutes of Tech- 
nology. These courses, which do not greatly differ 
one from another in content, are in some cases 
intended for men who have already graduated in 
‘industrial engineering ’’; in others the course is 
designed for men “ already trained as engineers.” 
As an example of the former, Cornell University, 
which operates a five-year undergraduate course in 
industrial and engineering administration, requires 
that men taking the post-graduate course shall 
have experienced the work of the undergraduate 
course, or its equivalent, Of the second, the post- 
graduate course at the Massachusetts Institute of 
Technology is ‘‘ designed to prepare the science or 
engineering graduate for ultimate executive respon- 
sibilities.” 

The term “ industrial engineering’ used above 
expresses the basic character of the specialised 
training so liberally provided in the United States. 
The term is not in common use in this country ; 
possibly ‘‘ production management” might be 
taken as an equivalent. All the institutions 
mentioned above, and others, provide courses and 
award degrees in industrial engineering. An 
examination of the contents of these courses indi- 
cates that the idea underlying them is that while an 
industrial engineer requires a working knowledge 
of basic engineering subjects, he also needs specific 
training in managerial and administrative matters. 
As an example of the procedure, the nature of the 
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four-year course at the Carnegie Institute of Tech- 
nology, leading to the degree of Bachelor of Science 
in Industrial Management, may be indicated. Dur- 
ing the first year, basic engineering subjects occupy 
six times as much time as non-technical ; during the 
second year, less than twice as much; during the 
third year, non-technical subjects occupy more than 
half the time; and in the fourth year nearly six 
times as much time as those concerned with basic 
engineering. 

Examples of the non-technical subjects taken in 
this and other courses are human relations in 
industry,’ finance, marketing, economics. quality 
control, science history and a number of others, 
directly or indirectly, bear on the complicated 
structure and operation of modern industry. The 
idea underlying the whole matter is clear. Training 
for engineers per se who are to concern themselves 
with design or other scientific sides of their pro- 
fession, must necessarily be mainly technical, 
but that for those who are to be concerned with what 
may briefly be called the running of industry require 
instruction in many ancillary subjects. In the many 
discussions which have been held in this country 
about the question of university graduates in 
industry much has been said about the possibilities 
of employing arts men, but most engineers are 
likely to feel that administrative offices in technical 
industries should have sufficient scientific back- 
ground to enable them to appreciate the nature of 
technical problems even if their own scientific 
training is not sufficiently intensive to enable them 
to solve them. 

The implication of this fact has not been entirely 
overlooked in Great Britain, and as mentioned 
earlier, certain post-graduate courses are provided. 
Most of them cover only one year, but, as already 
mentioned, the College of Aeronautics operates a 
two-year course in administration and management 
for graduate engineers. Mr. Wiltshire is Deputy 
Head of the Department of Aircraft Economics 
and Production at this College. This course, and 
this department, possibly represent the nearest 
approach to American practice yet made in this 
country. The importance of “ industrial engi- 
neering’ has not been overlooked by academic 
institutions in Great Britain, but they are yet far 
from recognising it as a subject in its own right 
carrying graduateship. 

The recognition so far extended to the subject 
is indicated by the insertion of special lectures or 
studies into the engineering course. As an example, 
Part I of the Mechanical Sciences Tripos at Cam- 
bridge includes a compulsory paper on industrial 
organisation, lectures on the subject, extending to 
some sixteen hours being given. In Part II, 
there is a corresponding compulsory paper and a 
lecture course extending to forty-four hours in a 
year. These times may be compared with the times 
spent on technical and non-technical matters already 
quoted for the Carnegie Institute of Technology. 
The amount of time devoted to these non-engineering 
subjects is not greatly different in other British 
universities. At Birmingham, a course of lectures 
on engineering economics is provided in the final 
year for engineering students. At Glasgow, engi- 
neering students ma. select engineering economics, 
engineering production or industrial psychology 
as an additional subject. At Manchester, classes in 
industrial administration are provided for engineer- 
ing and some other science students. At Edinburgh, 
all engineering students attend forty lectures on the 
organisation of industry and commerce. Arrange- 
ments broadly similar to the above are in operation 
at Belfast, Durham, Leeds, Nottingham, Sheffield, 
and Cardiff. The provision of these special courses 
is evidence of a general realisation of the importance 
of “ industrial engineering,” but they are far from 
corresponding to the four-year under-graduate train- 
ing in the subject so widely provided for in the 
United States. 


SCIENCE IN THE UNITED 
STATES. 


Durtine the past few years British engineers have 
had no reason to complain of being kept in ignorance 
of what is happening in the United States in their 
own particular field of activity. The numerous 
reports of the teams sponsored by the Anglo- 
American Productivity Council have indeed pro- 
vided them with a great deal of useful information 
and have, it is to be hoped, stimulated a search for 
ways of improving their own methods. This foun- 
tain of knowledge has now, however, ceased to 
play, although the ground which it has watered 
should have been rendered sufficiently productive 
to ensure a useful harvest in the future. At least, 
a relationship has been established of which, there 
is good reason to believe, full advantage is being 
taken. There remains the British Commonwealth 
Scientific Office (North America), which under 
another title was established under the leadership 
of Sir Henry Tizard in Washington in 1940 to 
facilitate the exchange of scientific and technical 
information between the two countries. Although 
at first it was entirely British in composition, it 
was soon joined by representatives from Canada, 
Australia, South Africa and New Zealand ; and, in 
1946, was established on a permanent basis. At 
about the same time, as was natural, its activities 
underwent a change of emphasis and the missions 
began to turn to those scientific problems which 
arose from their own country’s particular economic 
and industrial needs. Since that time annual 
reports have been prepared, but the one which deals 
with its activities during the year ended June, 
1952, is the first to be published.* 

This work covers a wide field and the information 
about it is equally diffuse. It includes not only 
accounts of what has been happening in a number 
of branches of engineering, but in such associated 
sciences and industries as chemistry, biochemistry, 
atomic energy and nuclear physics, building and 
water supply. In this connection it is interesting to 
note that each mission is independent and is respon- 
sible only to its parent Government, although, of 
course, there is a good deal] of voluntary co-opera- 
tion. Moreover, there is no director, affairs of 
mutual interest and the operation of common 
services being settled by a committee consisting of 
the heads of the missions. The present report begins 
with a general account of the distribution of scien- 
tific effort within the federal, industrial and univer- 
sity institutions. From this it appears that the 
annual expenditure on research and development 
in the United States rose from 800 million dollars 
in 1941 to 2,930 million dollars in 1952. Of the 
latter amount, 1,820 million dollars was spent in 
industry, 830 million dollars in federal institutions 
and 280 million dollars in the universities. On 
the other hand, 1,640 million dollars of the total 
were drawn from federal and the remainder from 
other sources. About 58,000 scientific and tech- 
nological graduates were employed on research 
and development by the Federal Government, but 
even this large total excludes those who were 
working on projects which were operated for the 
Government by outside bodies. Industrial research 
and development gave employment to about 71,000 
persons with qualifications of university standard, 
as well as to some 95,000 workers of lower grades, 
not all of whom were technically trained. In the 
universities about 13,000 senior workers were 
engaged on research for at least some of their time, 
while, in addition, about 27,000 junior staff were 
also working on a part-time basis. These are most 
impressive figures, so impressive, in fact, that it is 
not surprising that when so much is being spent, 





* The BCSO Review of Sciencein U.S.A. for the year 
ending June, 1952. London: H.M. Stationery Office. 





and so many are being employed, on technology 
there is some anxiety whether the humanities and 
the social sciences are not being starved. 

However this may be, sufficient information is 
given in the report to show that a good deal of 
useful work is being done. As an example, special 
mention is made of a research, carried out by 
the Gulf Oil Corporation, which has shown that 
if a small high-pressure jet of oil is directed at the 
cutting tool of a lathe from below instead of, as is 
usual, by applying coolant from above, the cooling 
effect is more rapid. The practical result of this 
change is that either the cutting speed can 
be trebled without reducing the life of the tool or, 
using the original cutting speed, the tool life can 
be extended from three to twelve times, depending 
on the material of which it is made. The use of 
this method also allows high-speed steel, instead of 
tungsten carbide, to be employed for the tools and 
improved surface finishes to be obtained. Mention 
is further made of an electrical process which has 
been developed by the Firth Sterling Steel and 
Carbide Corporation of Pittsburgh, for cutting 
tungsten carbide and other hard metals. This 
consists in making a brass electrode the negative 
terminal and the carbide the positive terminal of 
an electric circuit. Both electrodes are then 
immersed in a bath containing a non-electrolyte ; 
and a series of sparks is discharged across the gap 
between them. The result is that small particles 
are transmitted from the carbide to the brass. 
It is stated that by using a suitable form of brass 
electrode a hole of any desired shape can be 
“machined” and that a -in. diameter hole, 
4 in. deep, can be “ drilled” in tungsten-carbide in 
13 minutes. Another promising method of machin- 
ing very hard materials is that known as the 
Cavitron process, in which a soft-steel tool, vibrated 
at about 25,000 cycles per second, and an abrasive 
compound, are applied to the work. It therefore 
resembles lapping in its action, but is much faster, 
since it is stated that a hole } sq. in. cross-section 
can be drilled through tungsten-carbide 4 in. 
thick in 18 minutes. 

Mechanical improvements, of which these are 
only two examples, obviously, however, depend in 
the last resort on the availability of raw materials and 
power for the manufacture of the equipment in 
which they are incorporated. The first of these 
problems was considered by a Materials Policy 
Commission, and in a report published in 1952 
assessed the availability of natural resources over 
the next 25 years. Evidence was produced to show 
that the United States, formerly one of the world’s 
biggest sources of raw materials, is now importing 
more than she exports and that by 1975 the demand 
for minerals will be nearly double what it is at the 
present time. This is a position familiar enough 
to us, which raises a number of difficult questions, 
both of high politics and economics, and indicates 
the necessity for searching for new methods of 
recovery and treatment without delay. In any 
such search an important field of investigation 
must be the fuel situation, as is shown by the 
statement that while energy consumption increased 
by some 4} times between 1900 and 1950, the 
Commission estimate that the 1950 figure will have 
doubled by 1975. The problem of meeting this 
increase is illustrated by the fact that while at 
the beginning of the century coal provided over 
90 per cent. of the total requirements, its con- 
tribution has now fallen to one half and may 
be no more than one third in 1975. The reason, 
of course, is the increasing use of oil and, more 
recently, of natural gas. It is therefore clearly 
essential that research into the production of oil and 
shale should be pressed forward and that increasing 
interest should be taken in the non-military uses 
of fissionable material, a subject which, rather 
surprisingly, receives only the most cursory men- 
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THE THOMAS HAWKSLEY LECTURE. 


Sm Ricuarp SouTHwett, F.R.S., in delivering 
the 40th Thomas Hawksley Lecture to the Institu- 
tion of Mechanical Engineers on November 20, 
gave an up-to-date exposition of the Relaxation 
method which he formulated more than eighteen 
years ago. The lecture, entitled ‘‘ Relaxation 
Methods: A Retrospect,” would probably be, he 
said, ““my relaxational swan-song.” Though he 
had just finished writing his final book, he could 
take pleasure in watching the advance in the appli- 
cation of his methods, especially when the methods 
were applied to problems that he himself could not 
have contemplated. ‘‘ I am wholly convinced,” he 
said, “that nothing but good will result from a 
recognition that the aims of mathematics and of 
engineering are different. If challenged to state the 
difference I will state it crudely : mathematics rests 
on aesthetic acceptance of a stringent set of rules ; 
engineering is a rough-and-tumble where ‘ no holds 
are barred.’ Relaxation—a mathematics for engi- 
neers—adopted that gangster’s dictum from the 
start. It defined its aim—to solve any problem 
with sufficient accuracy—and when it succeeded it 
made no apology for its pedigree. Anyone wanting 
elegance and rigour must look elsewhere!” Sir 
Richard said it was more than sixteen years since he 
realised that structural frameworks were only the 
most obvious of the problems to which the 
Systematic Relaxation of Constraints (to give the 
computational technique its full title) could be 
applied. He opened his lecture with some illus- 
trations which related to Saint-Venant’s torsion 
problem, and reminded his audience that June 13, 
1953, was the centenary of the day on which that 
great man presented to the French Academy his 
immortal ‘‘ Memoir on the Torsion of Prisms, with 
Some Remarks-on Flexure . . .” an occasion that 
Sir Richard regarded as the birth of the subject 
we now term Strength of Materials. Saint-Venant’s 
main result was that unless the sections of a twisted 
bar were circular they warped (plane sections no 
longer remaining plane) under the shear-stress which 
came upon them. Sir Richard used examples of 
such non-circular bars to show the simplicity of 
Relaxation methods compared with the orthodox 
mathematics which Saint-Venant employed. He 
dealt with the case of bars which yield as well as 
those which remain elastic during twisting. He 
demonstrated the basic simplicity of the method 
by using it to solve two simultaneous equations, 
though Relaxation does not, of course, solve this 
particular problem quicker than the normal method. 
The Relaxation method, he said, was like the 
techniques of filing or hand scraping to a template, 
in that it consisted in a systematic removal of 
unwanted errors; whereas orthodox mathematics, 
in this analogy, was an elaborate machine whose 
function was to yield some wanted solution straight 
away. That was the essential difference. 


FUEL EFFICIENCY EXHIBITION. 


The 2nd Fuel Efficiency Exhibition at the City 
Exhibition Hall, Manchester, was declared open 
on Wednesday, November 18, by the Rt. Hon. the 
Earl of Derby, M.C., and is remaining open until 
Saturday, November 28. The Lord Mayor of 
Manchester, Alderman Abraham Moss, J.P., M.A., 
took the chair during the opening ceremony. The 
exhibition is being held under the auspices of the 
Combustion Engineering Association, and the 
Organisers are Provincial Exhibitions, Limited, 
Manchester. Over 100 stands have been erected 
and 80 exhibitors are taking part. In a message 
to the organisers the Rt. Hon. Geoffrey Lloyd, 
M.P., Minister of Fuel and Power, said that the 
wise use of fuel and energy was of greater importance 
to-day than it had ever been. Both in industry 
and the home an increasing proportion of smaller 
sizes of coal would have to be used. In addition, 
action was necessary to reduce the atmospheric 
Pollution caused by smoke and grit, and he thought 
that anything, broadly speaking, which led to fuel 
efficiency also led to cleaner air over cities. The 
exhibition covers a wide field, ranging from domestic 





stoves and boilers to chain-grate stokers and heavy 
industrial fuel appliances. An interesting exhibit 
was a model of Britain’s first experimental nuclear 
power station, now being built at Calder Hall, 
Cumberland. It was shown by the Ministry of 
Supply. On the opening night the Combustion 
Engineering Association, whose Director is Mr. 
James Craig, held a dinner at the Grand Hotel. 
Those attending were received by their president 
(Mr. B. E. A. Vigers) and his wife. During the first 
two days the Association held a conference ; 
papers on “The Firing of Coal in Industry,” 
““The Firing of Oil in Industry,” “ Instrumenta- 
tion and Automatic Control,” ‘‘ The Efficient Use 
of Gas in Industry,” “‘The Efficient Use of Elec- 
tricity in Industry ” and ‘“‘ Heat Conservation and 
Process Steam,” were presented. 


EAST MIDLANDS BRANCH OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 

The annual dinner of the East Midlands branch 
of the Institution of Mechanical Engineers was held 
at Victoria Station Hotel, Nottingham, on Tuesday, 
November 17, with Mr. W. N. Bray, B.A., chairman 
of the branch, in the chair. Proposing the toast of 
the Institution, the Vice-Chancellor of the Univer- 
sity of Nottingham (Mr. B, L. Hallward, M.A.) said 
that the engineering industry should be alarmed at 
the numbers of young men from public and grammar 
schools who were seeking employment outside the 
industry. While he realised that many of the great 
engineers of the past had not attended these schools, 
he felt sure that future leaders of the profession 
were to be found there to-day. Only one-tenth of 
these young men were being trained for a career in 
engineering, and he believed that these schools would 
have to consider more seriously in the future the 
technological needs of the industry. He also thought 
parents were not aware that many industrial 
companies were offering men of average ability at 
the age of 30 more than a schoolmaster of the same 
age could hope to get, and that the public-relations 
departments should do more to advertise this fact. 
The President (Mr. Alfred Roebuck), in his reply, 
thanked Mr. Hallward for bringing this information 
to the fore; as Vice-Chancellor he would almost 
certainly be able to see that the engineering profes- 
sion received more of these young men in the future. 
One of the most difficult jobs which faced the Insti- 
tution annually was the allocating of the moneys 
left to the Institution in bequests. Lord Weir had 
recently left them 10,000/., and the Clayton bequest, 
with which all members were familiar, of 140,0001., 
produced some 6,000/. annually, which had to be 
spent. The toast of the guests was proposed by the 
chairman (Mr. W. N. Bray), and the secretary of 
the Institution, Mr. Brian G. Robbins, M.Sc., 
replied. Mr. Robbins said that the Institution now 
had a staff of 112. Referring to the problems that 
faced industry to-day, he expressed the view that 
the responsibility for raising productivity lay with 
the managers and directors. 


THE COAL POSITION IN EUROPE. 

Up till July 4, that is prior to the miners’ holidays, 
the output of coal in the United Kingdom for 1953 
amounted to 114,929,500 metric tons, including 
5,850,500 tons of coal from opencast workings, 
compared with 115,141,700 tons, including 5,975,000 
tons of opencast fuel, during the corresponding period 
of 1952. This represented a decline of 212,200 tons, 
which had become 2-1 million tons by August 15, 
owing to the closing of pits for the holidays in a 
number of districts. In February, 1953, the coal 
committee of O.E.E.C., the Organisation for Euro- 
pean Economic Cooperation, Paris, estimated that 
the coal output of the free European countries for 
the current year could be raised to 487-2 million 
metric tons, namely, 12 million tons more than that 
for 1952. A newly-issued report of the coal com- 
mittee, however, shows that the new estimates 
subsequently submitted by the various countries 
will cause the total not to exceed 476-6 million tons, 
or only 1-5 million tons more than in 1952. The 
divergencies between the estimates for 1953 com- 
piled early this year by the committee and the 
present revised estimates are striking in the case 
of the two main producers, the United Kingdom and 
Germany. With regard to the United Kingdom, 





they are mainly due to the decision, adopted since 
the first report for 1953 was drafted, to grant 
miners an extra week’s holiday and, in the case of 
Germany, to a reduction of half-an-hour in the 
working day as from April 1. The amended figure 
for the United Kingdom is 226-6 million tons, 
namely 8-4 million tons below the estimate origin- 
ally made. Similarly, Germany is expecting an 
output of 126-7 million tons, which is 2-3 million 
tons below the figure estimated in February, 1953. 
The figures supplied by the other producer countries, 
Belgium, France, the Saar and the Netherlands, are 
virtually unchanged. By 1954, the committee feel 
that the reduction in output due to the above- 
mentioned measures should have been partly over- 
come, and it is thought that output may be expected 
to rise at a more normal rate to an estimated total 
of 488-3 million tons for member countries as a 
whole, or 13-2 million tons more than in 1952. 


BI-CENTENARY OF THE ROYAL 
SOCIETY OF ARTS. 

The 200th session of the Royal Society of Arts 
was inaugurated at the Society’s headquarters in 
John Adam-street, Adelphi, London, on November 
18, when H.R.H. the Duke of Edinburgh presided. 
His Royal Highness, as President of the Society, 
presented numerous awards, including the R.D.I. 
(Royal Designer for Industry) to Mr. E. D. Race 
and Mr. J. W. Waterer for their work in connection 
with the furniture and leather industries, respec- 
tively. The award of the R.D.I. is looked upon as 
the highest in industrial art and at no time may 
there be more than 40 holders. In his address, His 
Royal Highness complimented the Society on the 
maintenance of its original pioneering atmosphere 
which was so strongly apparent, and he described 
“the doing of practical things in improved ways as 
real progress.” The Earl of Radnor, K.C.V.O., 
chairman of the Council of the Society, in his address, 
gave an account of the life of his ancestor, the 
Viscount Folkestone, who was the first President 
of the Society. The early history of the Society 
was recalled in a note on page 531, ante. 


ACCIDENT WITH A GRINDING WHEEL. 


In a recent case at Liverpool Assizes—Pugh v. 
The Manchester Dry Dock Company—Mr. Justice 
Donovan gave a judgment of considerable interest 
to industry: he held that grindstones should be 
completely encased to comply with the require- 
ments of the Factories Act. In the case referred to, 
a blacksmith’s striker was grinding a spanner on 
a grinding wheel, fenced with a standard type of 
guard. The spanner slipped between the wheel 
and a part of the guard, trapping the workman’s 
forefinger against the grindstone. As a result, he 
lost part of the finger and sued his employer for 
breach of Section 14 of the Factories Act. A 
consulting engineer gave evidence to the effect 
that, in his view, to fence the grinding wheel securely 
it would have to be totally encased, though it would 
therefore be rendered useless. It was submitted, 
on behalf of the plaintiff, that the aim of the fencing 
required by the Factories Act is to erect a barricade 
between the workman and the dangerous part of 
any machinery (vide Carroll v. Barclay (1948), A.C. 
477) and that this had not been done. Finding the 
defendants liable, the judge accepted the evidence 
of the consulting engineer and, nevertheless, applied 
the dictum of Mr. Justice Salter, in the case of 
Davies v. Owen, 1919 (2 K.B. 39), in which he laid 
it down that ‘The obligation imposed by the 
Factory and Workshop Act, 1901, in relation to 
fencing of dangerous machinery is absolute. It 
is an obligation not merely to fence, but to fence 
securely. The statute does not say that dangerous 
machinery shall be securely fenced if that is com- 
mercially practicable or mechanically possible. If 
a machine cannot be securely fenced while remain- 
ing commercially practicable or mechanically useful 
the statute in effect prohibits its use.” That 
decision is of great importance to industry, because 
it renders any employer using such a common tool 
as a grinding wheel liable to prosecution under 
Section 131 of the Factories Act. It also puts the 
employer in the position of an insurer of any of his 
workmen injured by a grinding wheel. That state 
of the law can only be remedied by the House of 
Lords or by legislation. The position would be the 
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same with regard to circular saws, but there the 
provisions of the Woodworking Regulations have 
been held to displace the provisions of Section 14 
of the Factories Act. It may be that regulations 
made by the Secretary of State, specifying the 
guards to be adopted for grindstones, would be the 
simplest way out of the engineering industry’s 
present dilemma. 


B.O.A.C. COMET AIR-LINER FLEET. 


During their first 18 months of commercial opera- 
tions, the Series 1 Comet air-liners of British 
Overseas Airways Corporation have given excellent 
service, having flown 155,500,000 passenger-miles 
and accumulated 21,000 hours of flying experience. 
Passengers have been quick to appreciate the speed 
and comfort of jet propulsion. The Corporation are 
expecting delivery of the first of 12 Series-2 Comet 
air-liners, with Rolls-Royce Avon engines in place of 
de Havilland Ghost engines, and seating capacity 
increased from 36 to 44. The Corporation have now 
placed an initial order for five Series 3 Comets, 
which are to be fitted with more powerful Avon 
engines and will have accommodation for 58 first- 
class passengers. These aircraft, which are expected 
to cruise at over 500 m.p.h., are capable of operating 
over stage lengths of 2,500 miles with fuel reserves 
for head winds and diversions, and will form the 
Corporations express Trans-Atlantic unit. The Comet 
3, it is claimed, can carry out nearly two Atlantic 
crossings in the time taken by a piston-engined 
machine to fly one crossing. With an annual utili- 
sation of 3,000 hours, a fleet of five Comets could 
carry more than 97,000 passengers between Europe 
and the United States in a year. 


OLD CENTRALIANS’ DINNER. 


The 43rd annual dinner of the Old Centralians 
Association was held on November 16 at the Grocers’ 
Hall, London. Sir Bruce G. White, President of the 
Association, was in the chair. The toast of the 
Association was proposed by the Rt. Hon. J. P. L. 
Thomas, First Lord of the Admiralty, who, in his 
speech, referred to the many outstanding feats 
achieved by Old Centralians in war and peace. 
He mentioned, in particular, the ‘‘ Mulberry ” 
harbours, “‘ Pluto”’ and ‘“‘ Fido” in war time and 
the Sydney harbour bridge in peace. He congratu- 

‘lated the Association on continuing the tradition of 

craftsmanship for which the City Guilds had 
always been noted. Sir Bruce White, in reply, 
said he was proud that the Association was a live 
body and one which carried out the aims of its 
founders. There were now 10 active branches 
throughout the world. He made special mention 
of the work of Mr. C. E. R. Sams in running an 
employment bureau for the “ over-60’s.” More 
than 1,500 had applied under this scheme, and 
places had been found for 104 of them. Professor 
A. J. 8. Pippard, Dean of the College, also responded, 
and announced that there had been 892 students 
enrolled, the highest number recorded. He also 
referred to the scheme for a Technological Univer- 
sity, in which it was expected Imperial College 
would take a large part. The toast of the guests 
was proposed by Mr. L. J. Cardew Wood, and 
responded to by Sir Harold Emmerson, Permanent 
Secretary, Ministry of Works. 


RUBBER AND SYNTHETIC RUBBER. 


In a review concerning the activities of the rubber 
manufacturing industry over the period from June, 
1952, to June, 1953, the retiring President of the 
Federation of British Rubber Manufacturers’ Associ- 
ations, Mr. John H. Lord, a director of the Dunlop 
Rubber Company, said that the experience of the 
rubber manufacturing industry was of an output 
falling from the records of 1951, until there had 
appeared by mid-1953 a steadying at a lower level. 
The total amount of new rubber used had fallen by 
15 per cent., and the amount used for products 
other than motor vehicle tyres had fallen by 
8 per cent., with a consequent fall in the numbers 
employed from a total of 112,000 to 103,400. 
This recession in activity followed the downward 
trend in the price of rubber, which was 5ld. a 
pound in 1951, but by June, 1953, had declined 
to 20d. a pound. The effect on the export market 


had been that the total value of rubber goods, other 
than tyres, exported had fallen from 201. million 
in 1951 to 15l. million in 1952, although this latter 
figure was still 2/. million higher than that of 1950. 
Regarding the intention of the Government of the 
United States to submit a plan to Congress before 
January 31, 1955, for the disposal of Government- 
owned synthetic-rubber plants to private industry, 
Mr. Lord said that much speculation had arisen as 
to the future supply position and the price of 
synthetic rubbers, but that from all accounts the 
withdrawal of the American Government from the 
synthetic industry should not impair, and might well 
improve, the competitive position of the natural 
commodity. The producers of rubber, of whatever 
type, faced an expanding market over the next 
decade or so, and realistic prices both for synthetic 
and natural rubber should benefit both the producers 
and the manufacturers. He considered that, in the 
United Kingdom, a greater availability of synthetic 
rubbers would not only be welcome, but, in view of 
the great technical developments since the last war, 
had also “‘ become a competitive necessity.” 


PRACTICAL ASPECTS OF NOISE. 


A paper on ‘ Noise—Practical Aspects’? was 
presented by Mr. J. E. Holton, of the Admiralty 
Engineering Laboratory, at a meeting of the Diesel 
Engine Users Association, held at Caxton Hall, 
Westminster, on November 19. The purpose of 
the paper, the author premised, was “‘ to explain in 
simple engineering terms some of the esoteric jargon 
of the acoustical engineer, some of the practical 
difficulties met in measuring engine noise, and to 
present to the ordinary Diesel user engine-noise 
problems in better perspective,” all of which it 
achieved ; but it was of particular interest to those 
who attended the meeting by reason of the demon- 
strations given of the analysis and synthesis of the 
noises produced by internal-combustion engines, both 
by the author and, in the discussion, by Mr. W. P. 
Mansfield, of the British Internal-Combustion 
Engine Research Association. Some of the recorded 
noises could be repeated for only a few seconds, 
in the interests of other users of Caxton Hall, but 
they were sufficient to show the great advances 
that have been made in this branch of research 
during the past ten years or soas a result of develop- 
ments in electronics. Quite high noise levels, it 
was shown, could be caused by surfaces vibrating 
at very small amplitudes, so that the problem of 
reducing engine noise resolved itself into one of 
stopping the vibration of the engine. Before that 
could be done it was necessary to know the origin 
of the forces causing the movement, and the manner 
in which they were transmitted throughout the 
structure, assuming that other aerodynamic noises, 
due to the induction and the exhaust, were silenced 
adequately. That was a field in which very little 
research work had been done, largely because the 
realisation of the noise problem was of recent date, 
and the whole art or science of noise, expressed in 
terms of the other sciences, was still young. A vast 
field of inquiry would need to be covered before the 
results could be generalised. Noise emission could 
be limited by enclosing the source in an “ acoustic 
hood’ or lining. Such linings absorbed the noise 
energy principally in the higher frequencies, but 
they did not in themselves prevent transmission of 
the noise, and it was important for any openings, 
such as air inlets, to have efficient silencers. 





CONNECTION OF CANADIAN AND AMERICAN ELECTRIC 
Power Systems.—The systems of the Hydro-Electric 
Power Commission of Ontario and the Detroit Edison 
Company have been connected by lines across the 
rivers Detroit and St. Clair near Windsor and Sarnia. 
At the Windsor crossing the steel-core aluminium 
conductors, which are 1} in. in diameter, are supported 
by anchor towers 4,099 ft. apart, the distance 
between the intermediate suspension towers being 
2,387 ft. At the Sarnia crossing the corresponding 
distances are 4,100 ft. and 2,319 ft. |The lines will 
be coupled to transformers to bring the voltages of 
the two systems into uniformity, and the connections, 
which will enable a total of 300 MW to be transmitted, 
have been facilitated by the standardisation of the 
Ontario frequency at 60 cycles. The Canadian system 
will thus be able to draw power from the United States 





at periods of low water and, alternatively, to supply 





power when the run-off is high. 


LETTERS TO THE EDITOR. 


SAVING TIME IN THE DRAWING 
OFFICE. 


To THE EpriTorR OF ENGINEERING. 


Srr,—May I comment on your leader on saving 
time in the drawing office (page 625, November 13)? 
Draughtsmen and designers often spend many hours 
drawing, in great detail, letters and numbers which 
have to appear on castings. Most of this time is 
wasted because the lettering can very rarely be 
produced as drawn. Draughtsmen nearly always 
draw the letters too close together. They forget 
that letters which are going to be cast must have 
taper on the sides for moulding, and therefore, 
when drawing lettering for casting, the lettering 
should be drawn with wide spacing. Quite often 
unusual sizes and shapes of letters are drawn for 
which no standard pattern letters are’ available, 
and special letters have to be machine cut from solid 
brass, which is expensive. 

Drawing office time could be saved if draughtsmen 
would merely indicate the wording required and 
the space available, leaving it to the pattern maker 
to settle the size of the letters. 

Yours faithfully, 
C. HayLocg, 
General Manager. 
J. W. and C. J. Phillips, Limited, 
Pomeroy-street, 
London, S.E.14. 
November 19, 1953. 





LUBRICATION OF GEARS. 
To THE Eprror oF ENGINEERING. 


Smr,—With reference to the report, on page 632 
of your issue of November 13, of the British Gear 
Manufacturers’ Association meeting, at which I 
presented a paper on “‘ Gear Lubrication,” I would 
draw your attention to the statement on film 
thickness. 

Unfortunately, in answering a question, I inadver- 
tently referred to 100 microns instead of 100 micro 
inches. I did not make the statement which you 
have reported, “* He also said that the film thickness 
of a medium turbine oil... ” My statement was 
to the effect that I had read in a technical paper 
quite recently that on a test machine a film thickness 
of 100 micro inches had been obtained, and that 
while no details of the oil were specified in the 
paper, I had a feeling they were in fact using a 
medium turbine oil. To say that a particular oil 
has a film thickness of some specified amount is 
meaningless, as obviously many factors affect the 
thickness which obtains in practice. Such things as 
viscosity, speed, ratio of curvature, surface finish, 
pressure, and so on, are all important. 

Yours faithfully, 
N. BaLMForTH. 
Vacuum Oil Company, Limited, 
Caxton House, 
London, 8.W.1. 
November 19, 1953. 


[We regret the error, and also the misprint which 
occurred in Mr. Balmforth’s name.—Eb. E.] 





Repuction 1x Price or Tunosten Ores.—The 
Ministry of Materials announces that from November 
24 its selling price for tungsten ores of standard 65 per 
cent. grade and ordinary quality is reduced—wolframite 
from 225s. to 210s. and scheelite from 210s. to 195s. per 
long-ton unit delivered consumers’ works. 





ALDENHAM WoRKS OF THE LONDON TRANSPORT 
ExEcuTIvE.—The total ’bus and coach fleet now 
operated by the London Transport Executive numbers 
8,000 and for some time it has been apparent that 
Chiswick Works, originally intended as the central 
road-services overhaul depot, has not sufficient capacity 
for the work involved. A new centre is therefore being 
built on the site, at Aldenham, Hertfordshire, of what 
was to have been the depot for the Edgware to Bushey 
Heath extension of the executive’s railway system. 
Scheduled for completion in the spring of 1955, the 
new works will replace Chiewick as the principal over- 
haul depot, the latter then acting solely as a units and 
parts factory serving both Aldenham and the various 


garages of the system. 
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MR. LOUGHNAN PENDRED, C.B.E. 

Ir is with keen regret, which will be shared by 
very many engineers throughout the world, that 
we record the death, on November 20, of Mr. 
Loughnan St. Lawrence Pendred, Charter President 
and honorary member of the Institution of Mech- 
anical Engineers, and editor for 40 years of our 
contemporary, The Engineer. Had he lived three 
more days, he would have completed his 83rd year. 

“* Lough. Pendred,” as he was wont to sign 
himself, was born on November 23, 1870, at which 
date his father, Vaughan 
Pendred, had been editor 
of The Engineer for five 
years. From his cradle, 
therefore, Loughnan grew 
up in the atmosphere of 
technical journalism, under 
the guidance of one of the 
masters of that art, if art 
it can be called. In the 
case of Vaughan Pendred 
it seemed to be more like 
an instinct, for his own 
family educational back- 
ground was almost wholly 
classical and he had no 
formal training in tech- 
nology—or, indeed, in any- 
thing else; his engineering 
knowledge, in the first 
place, was the outcome of 
innate aptitude and pro- 
found interest. These fun- 
damental advantages his 
son inherited, with the 
added benefit of an educa- 
tion conceived upon broad 
and far-sighted lines, calcu- 
lated to fit him for the 
occupation that he was 
destined to follow. 

Loughnan Pendred re- 
ceived his general education 
at private schools in Streat- 
ham and his technical edu- 
cation at the Central Insti- 
tution, South Kensington, 
and the Finsbury Technical 
College, where he took the 
course in civil and mechani- 
cal engineering in 1886-87, 
studying under Silvanus 
Thompson, John Perry and 
H. E. Armstrong. For his 
practical engineering train- 
ing he went to the works 
of Davey, Paxman and 
Company at Colchester, 
and, on completion of his 
apprenticeship there, to 
van der Kerchove at Ghent 
and the Chemin de Fer de 
Ouest, in Paris and Rouen; 
thus the deep interest in 
the locomotive, which he 
evinced so frequently in 
later life, ‘was based upon 
a first-hand experience of that branch of mechanical 
engineering. He returned to England in 1893 
and was employed for the next three years in the 
ordnance department of Sir W. G. Armstrong, 
Mitchell and Company, at Elswick—subsequently 
to become Armstrong, Whitworth and Company, 
and at that time one of the best places in the country 
to acquire a familiarity with heavy machine tools. 
During his last year there, he was personal assistant 
to Colonel Saxton Noble. He was well equipped, 
therefore, to undertake the duties of an assistant 
editor of the journal that his father conducted, to 
which office he was appointed in 1896. 

Vaughan Pendred retired from the editorship of 
The Engineer in 1905, and Loughnan, though only 
35, was made editor in his stead. It was a position 
for which he was admirably fitted, for to his tech- 
nical qualifications, natural and acquired, he was 


able to add literary gifts not always found in 
conjunction with a knowledge of technicalities, and 
—most valuable quality in a professional writer— 
a speed of execution that many a daily journalist 
might have envied. Moreover, he was as fluent and 
polished a speaker as he was a writer; not only 
an after-dinner raconteur of exceptional charm and 
wit, but one who could dignify more formal occasions 
in a manner equalled by few. Of this there is no 
finer example than his eulogy of Richard Trevithick, 
delivered in the parish church of Dartford on 
April 23, 1933, the centenary of Trevithick’s death, 
and printed in vol. 13 of the T'ransactions of the 
Newcomen Society. In phrasing and diction it 
was a model tribute to departed and neglected 
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genius; but it was hardly less eloquent as an 
indication of his own philosophical outlook. 

The aims of the Newcomen Society—“ the Study 
of the History of Engineering and Technology ”— 
appealed strongly to Pendred from its inception 
as an outcome of the Watt Centenary celebrations 
in Birmingham in 1919. He was a founder member 
when it was formed in 1920, and in his office many 
of the details of the establishment and constitution 
of the Society were discussed and formulated. 
He was twice President, in 1921-23 and 1928-30, 
and delivered, on the first occasion, a presi- 
dential address on “The Value of Technological 
History.” He had previously contributed, to 
vol. I of the Transactions, an excellent paper on 
“The Mystery of Trevithick’s London Locomotives,” 
and followed this, in subsequent years, with others 





on “ Brunton’s Steam Horse, 1813,” and “ The 


Order Book of the New Wire Company, Cheadle, 
1788-1831,” as well as a eulogy of Thomas New- 
comen, delivered at the Newcomen Memorial, 
Dartmouth, in 1929, to mark the bicentenary of 
Newcomen’s death. 

Pendred joined the Institution of Mechanical 
Engineers as an associate-member in 1896, was 
advanced to the grade of member in 1907, and served 
on the Council from 1921 until he was made an 
honorary member in 1934. He was elected a 
vice-president in 1925 and again in 1929, and 
became President in 1930, the year in which the 
Institution received its Royal Charter. He had 
presented, we believe, only one paper to the Institu- 








tion—‘‘ Problems of the Engine Indicator,” in 1923 
—before delivering his presi- 
dential address, entitled 
** Random Reflections ”’ ; it 
was “‘ addressed principally 
to young engineers—I mean 
men under 40.”” Those who 
were present may well be 
inclined, in memoriam, to 
turn to it again; a course 
which the young engineers 
of to-day might emulate 
with advantage. Four 
years later, in 1934, he 
delivered the seventh 
Thomas Lowe Gray Lec- 
ture, ‘A Survey of Ships 
and Engines.” Inthesame 
year, he received the C.B.E. 
in recognition of his services 
to the engineering profes- 
sion. During his year of 
office as President, he 
visited America to repre- 
sent the Institution of 
Mechanical Engineers at 
the jubilee meetings of the 
American Society of Mech- 
anical Engineers. 

Like his father, Lough- 
nan Pendred was a member 
of the Iron and Steel 
Institute, of which he was 
elected a member in 1913. 
He was President, from 
1926 to 1928, of the Insti- 
tution of Engineers in 
Charge, and was an honor- 
ary member of the Junior 
Institution of Engineers, 
to which he delivered the 
Honorary Member’s Lec- 
ture in 1925, on the histori- 
cal development of the 
steam locomotive. He re- 
tired from the editorship 
of The Engineer on April 1, 
1946, being succeeded as 
editor by his son, Mr. B. W. 
Pendred. In his last years 
he was able to devote him- 
self to his confessed hobbies 
(as recorded in Who’s Who) 
of “reading and work- 
shopping,” even to within 
a few days of his death, and 
he maintained a lively 
interest in the world of 
engineering that had occupied his attention for so 
many years, and in which he will be long remembered. 





MR. WILLIAM HOOD, O.B.E. 

WE record with regret the death, in London on 
November 6, of Mr. William Hood, 0.B.E., M.I.C.E. 
who from 1946 to 1948 was general manager of the 
Great Indian Peninsula Railway. Mr. Hood was 
born on September 5, 1893, and received his tech- 
nical education at the Royal Technical College, 
Glasgow. He commenced his career in 1912 as a 
pupil with Alex. Findlay and Company, Limited, 
structural engineers, Motherwell, and later, until 
1919, served as site engineer for the company on 
works for the Admiralty, War Office and Ministry 
of Munitions. He then went to India, and for 
five years from 1919, served as a garrison engineer 
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Fig. 1. First-Sprep TRAIN 
in the Eastern Command, in Military Engineering 
Services engaged on the construction and main- 
tenance of buildings, roads, water supplies, drainage 
and power supplies. 

In 1925, he received his first appointment on 
the Great Indian Peninsula Railway, as an assistant 
bridge engineer, being promoted to senior assistant 
in 1927 when he became responsible for the bridge 
department as a whole, including the design office, 
the inspectorate and the workshop. During this 
period he was associated with the design and 
reconstruction under traffic of many of the major 
bridges of the system. Then in 1932 he was given 
administrative rank in the engineering department 
and in 1933 made deputy chief engineer (bridges) 
in charge of construction and maintenance of all 
structures on the system. His paper, “‘ Regirdering 
of Bridges on the G.I.P. Railway,” was published 
in the journal of the Institution of Civil Engineers 
(paper No. 5042, November, 1936). 

In 1936, Mr. Hood was appointed deputy chief 
controller of standardisation on the Railway Board, 
at Delhi. The following year he resumed his 
duties as deputy chief engineer with the G.I.P. 
Railway but only a year later was re-called to 
Delhi, again to serve on the Railway Board. The 
work was concerned with further standardisation for 
the permanent-way, bridges and signalling, as well as 
holding a special inquiry into the flange forces genera- 
ted by the driving wheels of Pacific-type locomotives. 

Returning to the G.I.P. Railway in 1940, in the 
position of deputy chief engineer (construction), he 
was responsible throughout the period of the last 
war for the extension of the system and for much 
new construction for military purposes. Mr. Hood 
was appointed chief engineer in 1945 and, finally, 
general manager in 1946, in which capacity he 
remained until his retirement. 

On his return to the United Kingdom, he was 
appointed an assistant commissioner in the office of 
the Civil Service Commissioners, where he remained 
until his death. Mr. Hood was a member of the 
Institution of Civil Engimeers, having been elected 
an associate member in February, 1927, and trans- 
ferred to full membership in June, 1946. 





AusTRALIAN “ Frrerty” Tratntne ArrcraFrr.—The 
Fairey Aviation Company of Australasia Pty., Ltd., 
Bankstown, New South Wales, have developed a two- 
seat trainer version of the Mark 5 Firefly aircraft. 
The Firefly T Mark 5, which is now being “evaluated ” 
by the Royal Australian Navy, has a raised cockpit 
for the instructor instead of the standard observer's 
cockpit, giving an excellent forward view over the 
*«shoulder ” of the pupil. It has a maximum speed of 
360 m.p.h. and a duration of5$ hours. The armament 
comprises two 20-mm. cannon, with provision for two 
1,000-lb. bombs or 16 rockets. 


WITH PNEUMATIC ACTUATOR. 


EPICYLIC GEARBOX 
WITHOUT CLUTCH PEDAL. 


THE gear ratios of a new gearbox introduced by 
Leyland Motors, Limited, can be changed solely by 
the movement of a small gate-change lever; a 
clutch pedal is not used. 

The system employs a ‘‘ pneumo-cyclic ” gearbox, 
and is designed to work in conjunction with a fluid 
flywheel. Production is to commence shortly and 
Leyland passenger vehicles are to be fitted with them 
next year. Both the gearbox and its control, which 
are illustrated in Figs. 1 and 2, herewith, have been 
developed jointly under Wilson and Leyland patents 
by Self-Changing Gears Limited, Lythalls-lane, 
Coventry, and Leyland Motors, who are making it. 
It employs epicyclic gearing similar to that used in 
existing pre-selector gearboxes. When any one of 
the forward gears is engaged on a hill it is impossible 
for the vehicle to run backwards because the 
mechanism acts as a positive brake upon the trans- 
mission system. When starting the vehicle, the 
control lever is placed in the first gear position and 
the accelerator depressed, the succeeding gear 
positions being selected by further movement of 
the control lever. 

The pneumo-cyclic gearbox is an improved design 
of the semi-automatic compound epicyclic gearbox 
in which the change of gear is made solely by the 
movement of a small gate-change lever. It provides 
four forward speeds and a reverse. The three lower 
forward gears and reverse are through epicyclic 
gear trains each composed of a sunwheel, planet 
wheels and an annulus, as shown in Fig. 1. In top 
gear the whole of the gearing rotates as a solid unit, 
the drive being taken through a multi-plate clutch. 
The running gear consists of the four epicyclic gear 
trains connected to the input and output shafts. 
These shafts run in ball bearings mounted in 
the gearbox casing. The inner end of the input 
shaft is spigoted into the output shaft. The 
sunwheels of the first and second gear trains are 
integral with the input shaft, and the sunwheel of 
the third speed train rotates around this shaft. 
The drive in each gear is taken through the five 
planet wheels of the first-speed train (Fig. 1), the 
carrier of which is a flange formed on the output 
shaft. The gears are high-tensile steel forgings, 
hardened and ground where necessary. The multi- 
plate clutch which provides the direct drive is 
operated by an air-driven piston situated in a 
cylinder formed on the front cover of the casing 
and then through a relay lever giving the necessary 
ratio of leverage ; the thrust is taken on an angular 
contact bearing. 

Each indirect gear is engaged by the application 





of a brake band to the outside of its respective gear 





PEDAL. 

















Fig. 2. Grar-CHANGE ConTROL UNIT. 


annulus. The brake consists of two concentric 
bands with friction linings situated side by side. 
The outer band, when constricted by the brake 
mechanism, closes the inner band and both linings 
are brought into contact with the brake drum. 
The mounting pivots for the brake bands are 
diametrically opposed to balance the brake and 
prevent the shaft and bearings from being sub- 
jected to a load arising from brake application. 
When in the off position, the brake band assembly 
is located by centralisers which hold it clear of the 
drum. Air pressure is used to apply the brakes 
and a separate air cylinder and actuating mechan- 
ism is provided for each brake. The control unit, 
which is shown in Fig. 2, directs the air to the 
cylinders which operate the brake bands and the 
clutch for engaging the top gear. The control 
lever has a small roller at its lower end and this 
depresses a piston valve. The lever can be locked 
in the neutral position by lifting the control knob 
and turning it through 90 deg. 

When air is admitted to the brake cylinder, the 
piston is forced upwards and the piston rod causes 
the brake operating lever to swing about its pivot. 
The roller attached to this lever, which can be seen 
in Fig. 1, moves along the cam face of the thrust 
pad, forcing the latter upwards. As it is forced 
upwards the thrust pad pivots about its knife edge 
and raises the adjuster mechanism and the pull 
rod, which is anchored to a lug on the outer band. 
As the other end of the band is held by a clamping 
arm with a hook-shaped nose the brake band closes 
upon the annulus. Apart from the size of the piston, 
the brake-actuating mechanism is identical for all 
the indirect gears, the first speed and reverse 
mechanisms having the largest diameter cylinders 
because they withstand the highest torque reaction. 
Wear on the brake causes the thrust pad to move 
nearer to the adjuster screw so that an automatic 
adjuster ring strikes the adjuster screw and is 
rotated in an anti-clockwise direction. When the 
brake returns to the off position the adjuster ring 
returns to its normal position by coming into contact 
with a tail pin, shown in Fig. 1, which projects from 
the gearcase. 

The clockwise rotation imparted to the adjuster 
ring is transmitted to the adjuster nut through a 
coil spring which acts as a one-way clutch. Rota- 
tion of this nut reduces the effective length of the 
pull rod and takes up the extra movement caused 
by the wear of the brake linings. 
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132-KV THREE-CORE CABLE 
INSTALLATION. 


Axsout five years ago the growth of the electrical 
load in north-east London was such that considera- 
tion had to be given to the provision of a new point 
of supply at Ilford. At that time power was 
obtained from the London and Eastern Electricity 
Boards’ 33-kV systems, the carrying capacity of 
which was about 50 MW, and it was found imprac- 
ticable to tap the 132-kV lines from Barking to 
Brimsdown, which ran about two miles to the east. 
The erection of overhead lines was also impossible 
and it was therefore decided to lay two 132-kV 
three-core cables, 8,840 yards long, since it was 
estimated that this would show a saving of 12 per 
cent. in the overall cost and an increased carrying 
capacity of 30 per cent. A careful analysis of the 
various feasible types showed a sound engineering 
and economic case for three-core impregnated cables, 
the design of which had been developed from one 
laid at Burford, Oxfordshire, in 1944. 


The two cables, which were designed to carry 
120 MVA continuously, were manufactured by 
British Insulated Callender’s Cables, Limited, 21, 
Bloomsbury-street, London, W.C.2, and are laid 
in the same trench. The thermal resistivity of the 
soil was assumed to be 120 thermal ohms and the 
soil temperature 15 deg. C. The maximum con- 
ductor temperature for this type of cable is 85 deg. C., 
so that the permissible temperature rise is 70 deg. C. 
The conductors are high-conductivity copper wires 
with a thin uniform coating of pure tin. The 
dielectric consists of manilla-wood pulp of standard 
thickness and width, which was impregnated with 
a naphthene-based mineral oil thickened without 
resin by means of a polybutene. The use of a 
non-resinous thickener enables a good power factor/ 
temperature characteristic to be obtained, and the 
viscosity of the compound is comparable with 
that of solid cable impregnants. An aluminium- 
backed metallised paper screen was applied over the 
completed dielectric and a layer of copper-woven 
fabric was wound over the three cores to give 
intimate contact between the screen and the lead 
sheath. A gas channel communicating pipe was 
laid up in the filler spaces of the three cores. 

The sheath is reinforced with longitudinal and cir- 
cumferential tapes to withstand internal gas pressure, 
and is made of an alloy containing 0-1 per cent. of 
tin, a material selected for its slow creep charac- 
teristics and for its ability to withstand slow 
distension without failure. Experience has shown 
that after about 1,000 hours at the working pressure 
of 200 Ib. per square inch there is virtually no hoop 
stress in the sheath. Finally, both sheath and 
reinforcement were protected from corrosion by a 
rubber-bitumen sandwich which was graphited to 
facilitate installation. The cables weigh 81-7 lb. 
per yard and the impedances per 1,000 yards are : 
resistance, 0-0416 ohm, star reactance, 0:09 ohm, 
and electrostatic capacity to neutral, 0-29 micro- 
farads. The charging current per conductor per 
1,000 yards is 6-1 amperes. 

The processes used in the manufacture of these 
cables were the same as those used on previous 
impregnated pressure types, but owing to plant 
limitations the drum lengths were restricted to 
280 yards, the combined weight of the drum and 
cable being about 13 tons. Before dispatch to site, 
each length was subjected to the routine electrical 
tests detailed in Schedule F of the Central Electricity 
Board’s specification C.E.B.-C (1947), which had 
been adopted by the British Electricity Authority. 
For the greater part of the route length of 8,840 yards, 
which lies in congested suburban areas, the cables 
were laid direct in the ground under the pavement 
at a depth of 3 ft., with 3 in. of soft sand above and 
below. They were placed with the centres 18 in. 
apart and were covered with 3 in. concrete slabs. 
At two points, where the route passes over road 
bridges, the cables were, however, buried in sand- 
filled concrete troughing, while at a third point, 
where they pass under a railway, they are installed 
in ducts. The cables were drawn in by winches at 
speeds from 15 to 30 ft. per minute, the pulling load 
being usually about 2 tons. 

The straight-through joints consist of a flush- 





fitting ferrule, which is insulated by hand-applied 
tapes of the same grade, and treated with the same 
impregnant, as that used inthe cable. The screening 
is continuous across the joint and is enclosed in a 
pressure-retaining lead sleeve, which is reinforced 
by a copper tube, the mechanical stress being 
transferred by a non-fluid bituminous-compound 
filling in the intervening space. Gas-tightness is 
ensured by hand-applied plumbs, which are sur- 
rounded by cast plumbs to give mechanical reinforce- 
ment. The sealing ends consist of anti-fog porcelain 
insulators, which are capable of withstanding 
internal pressures up to 250 lb. per square inch. 
A paper roll cone is used and adequate surge strength 
is provided by the compound filling. 

A pipe in each cable ensures the uninterrupted 
passage of gas throughout its length. This pipe is 
connected across each straight joint, a T-piece being 
fitted into it to give access both to the joint and 
to the dielectric. A polychloroprene three-fingered 
glove is fitted over each core of the joint and 
surrounds the cable sheath. This glove is connected 
to the same side of the joints throughout the route, 
so that the gas flow is unidirectional and the location 
of leaks is facilitated. In the event of leakage, 
nitrogen is supplied automatically to the cables 
from a cylinder with a capacity of 300 cub. ft. at 
each terminal, the flow being automatically signalled 
to the Barking control room. Signals are also 
transmitted when the pressure drops to 190 lb. and 
150 Ib. per square inch. Usually the leakage does 
not exceed about 1 litre per minute—a rate which 
can be supplied for six days without renewing the 
cylinders. 

As an added precaution, a pneumatic section- 
alising position has been introduced midway along 
the route. Arrangements have also been made for 
recording the pressure at intervals of about one 
mile. After the installation had been completed, 
the pressure was raised and maintained at 300 lb. 
per square inch for several days. It was then 
reduced to 200 lb. per square inch and the system 
isolated, the pneumatic soundness being subse- 
quently checked over a further period of seven days. 








FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





BIRMINGHAM CLOCK AND WATCH EXHIBITION.— 
Friday, October 30, to Sunday, February 28, 1954, 
at the Birmingham Museum of Science and Industry, 
Newhall-street, Birmingham, 3. See also page 605, ante. 

BUILDING EXHIBITION.—Wednesday, November 18, 
to Wednesday, December 2, at Olympia, London, W.14. 
Apply to the organisers: Building Trades Exhibitions, 
Ltd., 4, Vernon-place, London, W.C.1. (Telephone: 
HOLborn 8146-8.) 


31st INTERNATIONAL BICYCLE AND MOTOR-CYCLE 
SHow.—Saturday, November 28, to Tuesday, December 
8, in the Mechanical Engineering Pavilion, Milan Samples 
Fair. Additional information obtainable from the 
Associazione Naziohale del Ciclo, Motociclo ed Accessori, 
Via Mauro Macchi 32, Milan, Italy. : 

24TH EXPOSITION OF CHEMICAL INDUSTRIES.—Monday, 
November 30, to Saturday December 5, at the Commer- 
cial Museum and Convention Hall, Philadelphia, Penn- 
sylvania, U.S.A. Managed by the International Exposi- 
tion Co. Apply to the Organisers, Grand Central 
Palace, New York 17, U.S.A. 

SILICONE RUBBER EXHIBITION.—Wednesday, Decem- 
ber 2, to Thursday, December 10, at 19, Upper Brook- 
street, London, W.1. Organised by Midland Silicones 
Ltd. Admission by invitation, obtainable from the 
firm at the above address. (Telephone: GROsvenor 
4551.) 


SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—Monday, December 7, to Friday, Decem- 
ber 11, at Earl’s Court, London, S.W.5. Details obtain- 
able from the Smithfield Show Joint Committee, 148, 
Piccadilly, London, W.1. (Telephone : GROsvenor 4040.) 

CONFERENCE ON THE NORTH SEA FLOODS.—Wednes- 
day and Thursday, December 16 and 17, at the Institu- 
tion of Civil Engineers, Great George-street, Westminster, 
London, 8.W.1. Further particulars obtainable from 
the secretary of the Institution at the above address. 
(Telephone: WHItehall 4577.) See also page 127, ante. 

CONFERENCE ON PROBLEMS OF AIRCRAFT PRODUCTION, 
—Friday and Saturday, December 18 and 19, at the 





University, Southampton. Sponsored by the Southern 
Section of the Institution of Production Engineers. 
Apply to the secretary of the Institution, 36, Portman- 
square, London, W.1. (Telephone: WELbeck 6813.) 
See also page 550, ante. 

TELEVISION SOCIETY’S ANNUAL EXHIBITION.—Thurs- 
day, Friday and Saturday, January 7, 8 and 9, 1954. 
See page 685. 

AUSTRALIAN AND NEW ZEALAND ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE, GENERAL MEETING.—Wed- 
nesday, January 13, to Wednesday, January 20, 1954, in 
Canberra. Apply to Professor A. H. Corbett, Royal 
Military College, Duntroon, A.C.T., Australia. 

INTERNATIONAL EXHIBITION ON LOW-Cost HOvusING. 
—Wednesday, January 20, to Friday, March 5, 1954, at 
the Old Fort, New Delhi, India. Organised by *the 
Ministry of Works, Housing and Supply of the Govern- 
ment of India. Apply to the Director of the exhibition, 
“P ” Block, New Delhi, India. 

CANADIAN CONFERENCE ON PRESTRESSED CONCRETE. 
—Thursday and Friday, January 28 and 29, 1954, in 
Toronto. Further particulars obtainable from Mr. H. 
Fealdman, secretary, organising committee, Canadian 
Conference on Prestressed Concrete, Hydro-Electric 
Power Commission of Ontario, 620, University-avenue, 
Toronto 2, Canada. 


FouRTH NATIONAL POWER FARMING CONFERENCE.— 
Tuesday, Wednesday and Thursday, February 9, 10 
and 11, 1954, in the Town Hall, Cheltenham. Organised 
by the Power Farmer: Britain and Overseas, Dorset 
House, Stamford-street, London, S8.E.1. (Telephone: 
WaATerloo 3333.) 

SYMPOSIUM ON OIL FILTRATION IN MODERN INDUSTRY. 
—Thursday and Friday, February 11 and 12, 1954, 
at the Business Administration and Economics Building, 
University of California, Los Angeles. Organised by 
the Department of Engineering of the University, in 
co-operation with the American Society of Lubrication 
Engineers. Further information obtainable from the 
Engineering Extension, University of California, 3076 
Engineering Building, Los Angeles 24, California, U.S.A. 
See also page 360, ante. 

BusINEss EFFICIENCY EXHIBITION.—Tuesday, Feb- 
ruary 23, to Friday, February 26, 1954, at the Drill Hall, 
Fenton-street, Leeds. Organised by the Office Appliance 
and Business Equipment Trades Association, 11-13, 
Dowgate-hill,Cannon-street, London,E.C.4. (Telephone : 
CENtral 7771.) 


IDEAL HOME EXHIBITION.—Tuesday, March 2, to 
Saturday, March 27, 1954, at Olympia, London, W.14. 
Organised by Associated Newspapers, Ltd., New Carme- 
lite House, London, E.C.4. (Telephone : CENtral 6000.) 

CANADIAN NATIONAL SPORTSMEN’S SHOw.—Friday, 
March 12, to Saturday, March 20, 1954, at the Coliseum, 
Toronto. Exhibition of motor-cars, motor-cycles, motor 
boats and ancillary equipment. British section. Addi- 
tional information obtainable from the Society of Motor 
Manufacturers and Traders, 148, Piccadilly, London, 
W.1. (Telephone: GROsvenor 4040.) 


34TH VIENNA SPRING TRADE FairR.—Sunday, March 
14, to Sunday, March 21, 1954, at Vienna. Apply to the 
British-Austrian Chamber of Commerce, 29, Dorset- 
square, London, N.W.1. (Telephone : PADdington 7646.) 

THIRD ELECTRICAL ENGINEERS’ EXHIBITION.—Tues- 
day, March 16, to Saturday, March 20, 1954, at Earl’s 
Court, London, S.W.5. Organised by the Association of 
Supervising Electrical Engineers, 54, Station-road, New 
Barnet, Hertfordshire. Apply to Mr. P. A. Thorogood, 
35, Gibbs Green, Edgware, Middlesex. (Telephone: 
MILI Hill 3528.) 


SECOND Factory EQUIPMENT EXHIBITION.—Monday, 
March 22, to Friday, March 26, 1954, at the two halls of 
the Royal Horticultural Society, in Vincent-square and 
Greycoat-street, London, S.W.1. Apply to Mr. J. E. 
Holdsworth, 117, Kingsway, London, W.C.2. (Tele- 
phone : HOLborn 1414.) See also page 218, ante. 

AMERICAN CHEMICAL SOCIETY, NATIONAL MEETINGS.— 
Wednesday, March 24, to Thursday, April 1, 1954, at 
Kansas City, Missouri, U.S.A.; and Sunday, September 
12, to Friday, September 17, 1954, at New York. Organ- 
ised by the American Chemical Society, 1155, Sixteenth- 
street N.W., Washington 6, D.C., U.S.A. 


CONFERENCE ON THE YOUNG WORKER: EDUCATION 
FOR HUMAN RELATIONS.—Saturday, April 3, to Friday, 
April 9, 1954, at Manchester College, Oxford. Particulars 
obtainable from the secretary, Conference on the Young 
Worker, 15, Norham-gardens, Oxford. (Telephone : 
Oxford 58631.) See also page 660, ante. 


SYMPOSIUM ON GAS ABSORPTION.—Monday, Tuesday 
and Wednesday, April 5, 6 and 7, 1954, at Birmingham. 
Organised by the Midlands Branch, Institution of 
Chemical Engineers. Further information obtainable 
from the secretary of the Institution, 56, Victoria-street, 
London, S.W.1. (Telephone: VICtoria 6161.) 

CONFERENCE ON THE PHYSICS OF PARTICLE SIZE 
ANALYsIsS.—Tuesday, April 6, to Friday, April 9, 1954, 
at Nottingham University. Organised by the Institute 
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of Physics, 47, Belgrave-square, London, S.W.1. (Tele- 
phone : SLOane 9806.) 


PHYSICAL SOCIETY’s EXHIBITION.—Thursday, April 8, 
to Tuesday, April 13, 1954, at the Royal College of Science 
main building, Imperial Institute-road, and the Huxley 
Building, Exhibition-road, South Kensington, London, 
8.W.7. Organised by the Physical Society, 1, Lowther- 
gardens, London, S.W.7. (Telephone: KENsington 
0048.) 

LifGE INTERNATIONAL Fatr.—Saturday, April 24, to 
Sunday, May 9, 1954, at Liége, Belgium. Apply to the 
manager, Foire Internationale de Liége, 17, Boulevard 
d’Avroy, Liége, Belgium. See also page 218, ante. 


Royal SANITARY INSTITUTE HEALTH CONGRESS.— 
Tuesday, April 27, to Friday, April 30, 1954, at Scar- 
borough. Apply to the secretary of the Institute, 90, 
Buckingham Palace-road, Westminster, London, S.W.1. 
(Telephone : SLOane 5134.) 


BRITISH INDUSTRIES FarR.—Monday, May 3, to Friday, 
May 14, 1954, at Earl’s Court, London, 8.W.5 ; Olympia, 
London, W.14; and Castle Bromwich, Birmingham. 
Particulars obtainable from the director, British Indus- 
tries Fair, Board of Trade, Lacon House, Theobald’s-road, 
London, W.C.1. (Telephone: CHAncery 4411); or 
from the general manager, British Industries Fair, 95, 
New-street, Birmingham, 2. (Telephone: Midland 
5021.) 


SYMPOSIUM ON MIX DESIGN AND QUALITY CONTROL OF 
CONCRETE.—Tuesday, Wednesday and Thursday, May 
11, 12 and 13, 1954, at the Institution of Civil Engineers, 
Great George-street, London, S.W.1. Further particu- 
lars obtainable from the secretary, the Cement and 
Concrete Association, 52, Grosvenor-gardens, London, 
8.W.1. (Telephone: SLOane 5255.) Alteration of dates. 
See also page 108, ante. 


FourtTH GAUGE AND TOOL EXHIBITION.—Monday, 
May 17, to Friday, May 28, 1954, in the New Hall of the 
Royal Horticultural Society, Elverton-street, West- 
minster, London, S.W.1. Organised by the Gauge and 
Tool Makers’ Association, Standbrook House, Old Bond- 
street, London, W.1. (Telephone: HYDe Park 3451.) 


FourTH MECHANICAL HANDLING EXHIBITION.—Wed- 
nesday, June 9, to Saturday, June 19, 1954, at Olympia, 
London, W.14. Organised by Mechanical Handling, 
Dorset House, Stamford-street, London, S.E.1. (Tele- 
phone: WATerloo 3333.) 


CONFERENCE ON CIVIL ENGINEERING PROBLEMS IN 
THE COLONIES.—Monday, June 14, to Friday, June 18, 
1954, at the Institution of Civil Engineers, Great George- 
street, London, 8.W.1. Apply to the secretary of the 
Institution at that address. (Telephone: WHItehall 
4577.) See also page 87, ante. 


BUILDING PLANT EXHIBITION.—Thursday, June 24, 
to Wednesday, June 30, 1954, at Hills Meadow, Reading. 
Organised by the Ministry of Works. Apply to the 
acting chief information officer, Room 117, Lambeth 
Bridge House, London, S.E.1. (Telephone: RELiance 
7611.) 

Royal SHow.—Tuesday, July 6, to Friday, July 9, 
1954, at Windsor. Organised by the Royal Agricultural 
Society of England, 16, Bedford-square, London, W.C.1. 
(Telephone : MUSeum 5905.) 


LAUNDRY, DRY CLEANING AND ALLIED TRADES 
EXHIBITION.—Thursday, July 8, to Saturday, July 17 
1954, at Olympia, London, W.14. Organisers: F. W’ 
Bridges and Sons, Ltd., Grand Buildings, Trafalgar. 
square, London, W.C.2. (Telephone: WHItehall 0568., 


CONFERENCE ON DEFECTS IN CRYSTALLINE SOLIDS.— 
Tuesday, July 13, to Saturday, July 17, 1954, at the 
H. H. Wills Physical Laboratory, Royal Fort, Bristol, 8. 
Organised in conjunction with the Institute of Physics. 
Further particulars may be obtained from the secretary 
of the Laboratory ; or the secretary, Institute of Physics, 
47, Belgrave-square, London,, 8.W.1. (Telephone: 
SLOane 9806.) 


GREAT YORKSHIRE AGRICULTURAL SHOW.—Tuesday, 
July 13, to Thursday, July 15, 1954, at Harrogate. 
Organised by the Yorkshire Agricultural Society, Great 
Yorkshire Showyard, Hookstone-drive, Harrogate. (Tele- 
phone: Harrogate 6014.) 


WoRLD POWER CONFERENCE, SECTIONAL MEETING.— 
Sunday, July 25, to Sunday, August 8, 1954, at Rio de 
Janeiro, Brazil. Applications should be sent to the 
secretary, British National Committee, World Power 
Conference, 201-2, Grand Buildings, Trafalgar-square, 
London, W.C.2. (Telephone: WHItehall 3966.) 


NATIONAL RADIO AND TELEVISION EXHIBITION.— 
Wednesday, August 25, to Saturday, September 4, 
1954, at Earl’s Court, London, 8.W.5. Organised by the 
Radio Industry Council. Apply to the secretary of the 
Council, 59, Russell-square, London, W.C.1. (Telephone : 
MUSeum 6901.) 


ScorrisH INDUSTRIES EXHIBITION.—Thursday, Sep- 
tember 2, to Saturday, September 18, 1954, at the Kelvin 
Hall, Glasgow. Apply to the offices of the exhibition, 
16, Woodside-terrace, Glasgow, C.3. (Douglas 8811.) 





LABOUR NOTES. 


STRIKE action throughout the engineering and 
shipbuilding industries, to last for 24 hours from the 
morning of Wednesday next, December 2, was 
decided upon by leaders of the Confederation of 
Shipbuilding and Engineering Unions at meetings 
in London on November 19. It will be taken as a 
protest against the rejection by the engineering 
and shipbuilding employers’ organisations of claims 
by the Confederation for an increase in wages of 
3s. in the pound for all adult men engaged in these 
industries. A resolution authorising the one-day 
national strike was carried by a large majority, on 
a show of hands, at a special delegate meeting 
attended by some 200 representatives from the 
39 unions affiliated to the Confederation. On the 
morning of November 19, leaders of the Confedera- 
tion were informed by officials of the Shipbuilding 
Employers’ Federation of their final rejection of 
the wage claim relating to the shipbuilding and 
ship-repairing industries. The claim relating to 
the engineering group of industries was refused by 
the Engineering and Allied Employers’ National 
Federation on November 5, for the second time. 





Immediately after the rejection of the claim by 
the shipbuilding employers, a meeting of the Con- 
federation’s executive council took place, at which 
proposals from the Amalgamated Engineering 
Union were brought forward for discussion. The 
union had held a meeting of its national committee 
on the preceding Monday to consider the rejection 
of the Confederation’s wage claims, when a dis- 
cussion in private, lasting for more than seven hours, 
took place. The 52 delegates comprising the 
national committee eventually decided, by 35 
votes to 17, to advocate the calling of a token 
strike, of 24 hours’ duration, but did not stipulate 
when the stoppage should be put into operation. 
A somewhat similar plan, it is understood, had been 
suggested previously by the Amalgamated Union 
of Foundry Workers. At the meeting of the Con- 
federation’s executive council on November 19, the 
proposals for strike action were opposed by repre- 
sentatives of the Transport and General Workers’ 
Union, the National Union of General and Municipal 
Workers, and some of the smaller craft unions. 
Their objections, however, were over-ruled. 





Later in the day, at the special meeting of 
delegates from the 39 unions affiliated to the 
Confederation, the organisation’s executive council 
recommended the acceptance of the plan for a 
24-hour strike. The resolution in support of that 
course was moved by Mr. H. G. Brotherton, who is 
the President of the Confederation and general 
secretary of the National Union of Sheet Metal 
Workers. It was seconded by Mr. J. Scott, a 
member of the national executive council of the 
Amalgamated Engineering Union. The resolution 
stated that as both employers’ Federations had 
emphatically rejected the wage claims, the Con- 
federation’s executive council was forced “to take 
the view that steps must be taken to impress upon 
the employers how unwarranted is their attitude 
and that the members are supporting this Con- 
federation. The executive council, therefore, recom- 
mends at this stage that all workers in factories and 
shipyards should confine their activities to leaving 
their places of employment for 24 hours.” 





An amendment to the resolution was moved by 
a representative of the National Union of Vehicle 
Builders, recommending that all overtime in the 
industries concerned should be banned as from the 
end of the token strike. Efforts to secure the with- 
drawal of this amendment failed, but it was 
defeated on a show of hands. Mr. J. H. Wiggles- 
worth, the general secretary of the Iron, Steel and 
Metal Dressers’ Trade Society, a small craft union, 
moved an amendment asking that the dispute 
should be referred to a court of inquiry appointed 
by the Minister of Labour. This amendment, 
however, received but little support, although it 
had the approval of representatives of the unions 
catering for unskilled employees. For some time 
past, these bodies seem to have favoured asking the 
Minister to assist in finding a solution to the dispute. 





Engineering operatives in the Derby area were 
advised by their employers last Friday that should 
they participate in the token strike on December 2, 
they may well have to lose far more than a single 
day’s pay. The reasons for this are explained in an 
announcement issued by the local employers’ 
organisation, the Derby and District Association 
of the Engineering and Allied Employers’ National 
Federation, which states that, in the event of the 
24-hour stoppage taking place, employees operating 
certain processes, such as foundry melting, for 
example, would not be able to arrange for an 
immediate resumption on the following day. Loss 
of employment and earnings might extend well 
beyond the 24 hours envisaged, both for the work- 
people directly employed on such processes and for 
others dependent upon them. It is estimated that 
some 25,000 persons are employed by the firms 
affiliated to the Derby Association. 





It is understood that firms belonging to the 
Engineering and Allied Employers’ National Federa- 
tion have been urged by the organisation’s head- 
quarters not to take any precipitate action with 
respect to the dispute with the Confederation. 
There had been suggestions that some employers 
were considering the institution of a 24-hour lockout 
in the event of the suggested strike action being put 
into effect. Leading officials of the Federation are 
anxious that nothing shall be done which might 
tend to prolong the dispute. At the time of going 
to press, there are indications that these officials 
share the desire of the more moderate trade-union 
leaders that the Minister of Labour may take some 
steps to resolve the trouble before the strike begins. 





Teachers in technical colleges and institutes, as 
well as those employed at art schools and colleges, 
have been recommended by the two panels of the 
Burnham Technical Committee for increases in 
their salaries, according to an announcement issued 
on November 19. The higher scales suggested will 
now be considered by the constituent bodies of both 
panels of the Committee and, if these concur in 
the award, the proposals will be submitted to the 
Burnham Main Committee. If again accepted, 
the new salary scales will be laid before the Minister 
of Education for final approval. It is suggested that 
the new agreement shall take effect on April 1, 
1954, for a period of three years, and thereafter that 
it shall continue on a yearly basis. 





A labour dispute arose at the end of last week at 
the works of the Chesterfield Tube Company, 
Limited, Chesterfield, as the result of the dismissal 
of two men employed in the firm’s forge. The men, 
who belong to the National Union of General and 
Municipal Workers, had declined to work with a 
non-union operative engaged in the same depart- 
ment. Efforts to settle the difficulty appear to have 
been made without any satisfactory result. Ballot 
forms were accordingly issued last Tuesday to the 
1,000 members of the union employed at the works 
and the men were recommended by the committee 
of the union’s Chesterfield branch to vote in favour 
of a strike. The company is a subsidiary of Messrs. 
Tube Investments Limited. 

There was a slight increase in the total working 
population in Great Britain during September, 1953, 
thereby contrasting with the slight decline which 
occurred during September, 1952. In all, 23,483,000 
persons were at work at the end of September last, 
of whom 15,924,000 were men and boys, and 
7,559,000 women and girls. During the month, 
the number of persons in civil employment, which 
comprises industry, commerce and services of all 
kinds, showed little change. In the basic industries, 
employment dropped by 18,000, mainly owing to a 
seasonal decline in the agricultural and road- 
transport industries. There was also, the Ministry 
of Labour and National Service reports, a fall of 
3,200 in the number of wage-earners on colliery 
‘books. Employment in the manufacturing indus- 
tries, however, increased by no fewer than 53,000. 
All the principal sectors showed increases. These 
included 15,000 more in the engineering group of 
industries ; 8,000 in the textile industry; and 8,000 
in the vehicle-manufacturing industry. 
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COMBINED MAGNETISATION 
OF MAGNETIC MATERIALS.* 


By J. E. Parton, B.Sc., Ph.D., M.I.E.E., and 
W. D. SurHertanp, B.Sc., Ph.D., A.M.I.E.E. 


THE variation in the iron loss which occurs in 
magnetic circuits under conditions of single-fre- 
quency magnetisation is well known, and several 
formule (mostly empirical) are available to compute 
these losses for various values of magnetising force 
and flux density. To obtain any degree of accuracy 
when using these formule the magnetisation is 
usually considered to be taking place under “ sine- 
flux ’’ or “‘ sine-current ”’ conditions. The former is, 
of course, the standard test method, because when 
a sine voltage is applied to a winding on a magnetic 
material, the resulting core flux will be sinusoidal 
if the winding, as is usual, has negligible resistance 
and leakage reactance. The sine-current test may 
sometimes be used, but the difficulty of obtaining 
“sine current ’’ sources usually restricts its applica- 
tion to special cases. 

In most electrical machinery and transformers 
the applied voltages are so nearly sinusoidal that 
the cores are magnetised under conditions of sine-flux, 
and an estimate of the resulting iron losses can be 
readily made. There is, however, a number of 
conditions where the iron circuit is subjected to 
simultaneous magnetisation from two sources, the 
frequencies of which may or may not be integrally 
related. For instance, the variation in the perme- 
ance of the magnetic circuit in an alternator due 
to the effect of the teeth causes high-frequency 
flux components to be superimposed on the 
fundamental-frequency flux density in parts of the 
iron circuit. These ‘‘ tooth ripples’ cause changes 
in the core loss. A further example of combined 
magnetisation occurs in the familiar smoothing 
choke employed in rectifier circuits. In this, the 
iron circuit is subjected to a magnetising force 
wave containing the polarising component h, and 
alternating components at frequencies of 2f, 4f, etc. 
if used in a full-wave rectifier circuit or f, 2f, 4f, etc. 
for the half-wave case, f being the fundamental 
frequency. It is obvious that prediction of the 
resulting iron-loss in the magnetic material under 
the above conditions cannot be done from previous 
single-frequency results. It is the purpose of this 
paper to consider in detail the nature of some of 
these multi-frequency magnetisation conditions and 
to investigate the resulting iron losses, since these 
are not widely known and there is little literature on 
the subject. 

Types of Two-Frequency Core Magnetisation.—As 
& special case of multi-frequency core magnetisation, 
the possible core conditions which may arise due to 
two-frequency magnetisation will be considered in 
detail. These various core conditions depend upon 
the method of magnetisation. It is usual to carry 
out tests on magnetic materials under conditions 
of either “sine current” or “sine flux.” More 
general methods of magnetisation would be by com- 
binations of several sinusoidal currents or of several 
sinusoidal fluxes. 

For the above core conditions, the defining 
equation for two-frequency magnetisation may 
therefore be stated as either 

h=h, sin (wt + ¢,) +h, sin (nwt+ ¢,), (1) 
or 

= 6, sin (wt + 0,) +6, sin(nwt+0,), (2) 
for the sine-current and sine-flux conditions respec- 
tively. The core-loss and magnetisation conditions 
will be altered as the parameters in the defining 
equations are altered. To obtain a clear picture of 
possible core conditions the magnetic material will 
be assumed to be subject to sine-current magnetisa- 
tion conditions, i.e., equation (1). 

Frequencies not Integrally Related.—Case 1: 
h,=0. The normal single-frequency hysteresis 
loop is formed. As w is increased, a family of loops 
will be produced (neglecting any effects due to 
eddy-currents). This will be considered as the 


basic loop (Fig. 1) generated at a frequency z in 
7 
the following cases. 





* Paper read before Section G of the British Associa- 
tion at Liverpool, on Tuesday, September 8, 1953. 





Case 2*: h,>h, 1>n>4. The resulting 
magnetising force wave is shown in Fig. 2 (a), page 
698, when a slightly lower-frequency magnetising 
force wave is combined with the basic wave. The 
maximum magnetising force varies cyclically between 
(hi +h,) and (h, —h,). Over one complete cycle 
of magnetising force a series of loop sections ab, 
bc, cd, etc., will be traced out, all differing slightly. 
(The undulations in the magnetising-force wave will 
occur at the higher frequency, i.e., f,). The result- 
ing loops formed are shown in Fig. 2 (). 

Case 3: hy=h,, 1 >n >}. This is the limit- 
ing value of Case 2, since the magnetising force 
varies cyclically from a maximum value of (h,, + h,) 
to zero. This causes the hysteresis path to take 
the form of an inward spiral which vanishes when 
the total magnetising force reaches zero and then 
retraces a similar curve outward as the magnetising 
force is increasing. These conditions are illus- 
trated in Fig. 3 (a) and (5), page 698. 

Case 4: h,<h,, 1 >n >}. The basic loop 
amplitude is considerably reduced and the resulting 
loop formed will be similar to Case 2, except that 
the undulations in the magnetising-force wave will 


occur at the frequency of the componenth,. ,  _ 














Fie. 1. Sryeve-FrRequency Loop. 


Case 5: hy <h,, 1<(n< 2. This condition 
sets up loops which are all almost identical in shape, 
except for the low-frequency shift. The loop 
formation can be followed from the magnetising 
force wave positions, a, b, c, d, e, f, etc., in Fig. 4. 

Case 6: h, >h,, n> 2. For this case, the 
value of h, should not be very much larger than 
h, (say hy = 2h,). Minor loops will be formed 
under this condition of magnetisation, provided 
the h wave is re-entrant.t| The necessary conditions 
for this to be obtained are considered later in the 
paper. The magnetising-force wave and loop shape 
are shown in Fig. 5 (a) and (b), page 698. 

If the two frequencies of magnetisation are not 
locked together, the minor loops will not be formed 
at the same point on the main loop in each cycle 
but will drift round the low-frequency loop. 
Obviously, as the frequency of h,, is increased, the 
distance between adjacent minor loops will be 
decreased. Due to the different rates of change 
of h, between zero and maximum values, the minor 
loops tend to be longer near the maximum value 
of h, than those formed in the neighbourhood of 
zero h. As» the magnitude of h, is reduced, the 
size of the minor loops is correspondingly reduced 
and this causes those near h = 0 to disappear first. 
Further reduction of h, causes more minor loops 
to disappear until Case 7 is reached. 

Case7: h,>h,, n> 2. For this case the total 
magnetising-force wave is only re-entrant at values 
near maximum positive and negative h. This 
causes the few very small minor loops as shown 
in Fig. 6(b) to be generated. As h,, is reduced to 
zero, the basic single-frequency loop is obtained. 





* R. M. Kalb and W. R. Bennett, Bell Syst. Tech. 
Jour., vol. 14, page 327 (1935). 

+ Definition of “ re-entrant ” as used in this paper :— 
@ periodic wave which in one half-cycle possesses more 
than two identical values. It must be pointed out that 
this is not the usual definition of the term which is that 
the wave in one cycle crosses the zero-axis more than 





twice. 





Case 8: n = 0, hy > ho; bh, + ve. No minor 
loop is formed, but the main loop is unsymmetrical 
due to the presence of the d.c. component of mag- 
netisation (Fig. 7(b)). If the polarity of the d.c. 
component is reversed, then the resulting loops are 
altered to give those in Fig. 8(b). The magnetising- 
force waves corresponding to both these core 
conditions are shown in Figs. 7(a) and 8 (a), page 698. 

Frequencies Integrally Related.—In the preceding 
general cases, the two magnetising forces acting on 
the magnetic material were at frequencies f, and f, 
which were not integrally related. For the purpose 
of calculations and experiments, the general cases 
of combined magnetisation which will be considered 
in detail require that the condition fy = nf, will 
hold. This implies that for a given phase position 
between the two magnetising forces the minor 
loops will always occur at the same point on the 
major loop, ie., the bysteretic phenomena are 
singly periodic. This condition will be obtained if 
the frequencies of the two sources energising the 
cores are electrically or mechanically locked together, 
n being an integer. 

Consider a typical case of combined magnetisation 
when a magnetic material is subjected to a mag- 
netising force h = h, cos wt + hs cos 3wt. The 
magnetising-force wave and hysteresis loop are 
shown in Fig. 9(a) and (b), page 699. The formation 
of the minor loops may be readily followed with 
reference to Fig. 9(a). The magnetising-force wave 
for this condition possesses subsidiary minimum 
values at h, and h, and subsidiary maxima ath, and 
hy. The absolute maximum and minimum occur at 
+ H,,. The magnetising force is decreasing with 
a corresponding decrease in B until h, is reached, 
when h increases and traces out the portion CDE 
of the minor loop. After the subsidiary maximum 
at h, the magnetising force decreases to a value 
equal to h, and traces out the section EFC of the 
minor loop, which is now closed. Thereafter, 
further change in h traces out the main loop until 
the next subsidiary maximum is reached. 

If the total magnetising force is defined by 
equation (1), » being integral, then the maximum 
number of complete minor loops which may be 
formed is (n — 1). When x is odd, the positive 
and negative parts of the magnetising-force wave 
are identical, i.e., half-wave symmetry is obtained. 
This results in a symmetrical hysteresis loop with 
an even number of minor loops and equal positive 
and negative peak values. 


Errects oF PHASE CHANGE. 


General.—For the general case of sine-current 
combined magnetisation the magnetising force is 
expressed as equation (1) which may be simplified 
to give 

h=h,snwt+h,sin(nwt+n@). (3) 

As the phase angle of the higher-frequency 

component is varied, all possible phase positions 


2 
will be obtained when @ is varied from 0 to — 
measured, with respect to wt. It should be noted 

2 
that after @ has been increased by = the core 


magnetisation conditions and hence the shape of 
the total-loss loop will be the same, with minor 
loops in the same relative positions as previously. 
A complete cycle of core conditions will thus be 
effected if the fundamental component of the core 


2 
magnetisation is moved — radians, the higher- 


frequency component remaining fixed. In the 
following sections and the experimental work 
described in this paper the phase change will be 
considered with reference to the lower-frequency 
magnetising-force component and the defining 
expression is then 
h=h,sin(wt+ ¢)+h,sinnwt.. (4) 

As the frequency of the magnetising force h, is 
increased, a larger number of minor loops will be 
formed and the quantity by which the fundamental 
phase angle must be altered to give one complete 
cycle of core conditions becomes smaller and smaller. 
This indicates a smaller range of minor loop move- 
ment along the major loop before any one loop 
position is repeated. When the frequency of h, 
is greater than ten times the frequency of h, the 
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phase-change effects have practically disappeared. 
This is illustrated by test results obtained when 
a toroidal core of special Lohys was energised under 
sine-current conditions, 

h = 154 sin (wt + ¢) +77 sin nwt. 


The values of the magnetising force are given in terms 
of ampere turns per metre. The value of n was varied 
to give integers only. In this way the core loss as mea- 
sured varied from maximum to minimum as the value 
of ¢ was altered for each value of n. The ratio of 
the maximum total core loss to the minimum total 
loss (= ktotai) was plotted to a base of frequency. 
The lower-frequency core magnetisation was main- 
tained constant at 50 cycles per second. The 
variation of ktota) 1s shown in Fig. 10, opposite. It 
should be noted that when the superimposed com- 
ponent is at f = 0; i.e., a direct-current polarising 
force is acting on the core, there is of course no maxi- 
mum to minimum variation in core loss, although the 
steady loss would be increased. When the super- 
imposed component is at the same frequency as the 
main term then the variation of ktotai depends on 
the relative magnitude: of h, and h,. For the limit- 
ing case when h, = h, then the value of ktota) will 
be infinite since when /, and h, are 180 deg. out of 
phase the resultant core magnetisation will be zero, 
and there will be no flux change and hence the 
minimum core loss will be zero. For given values 
of h, and h,, the variation in the peak-to-peak 
magnetising force as the phase angle is altered is 
greatest when n = 2, causing correspondingly large 
variations in the core loss components. 

Conditions for the Formation of Minor Loops.—The 
number of minor loops which may be formed under 
combined conditions is (n — 1), i.e., for the case 
considered in Fig. 9, where n = 3, there are two 
minor loops formed. It must be realised that a 
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complete minor loop will not 
necessarily be formed for any 
values of A, and h, under 
combined conditions. To give 
minor-loop formation the mag- 
netising force wave must ,be 
re-entrant, and as the relative 
phase angle between the two components of magnet- 
ising force is varied the re-entrant conditions will 
be altered. The limiting conditions will be obtained 
for minor loop formation at either the tip of a major 
loop or in the central region of the loop. As the 
magnitude of the superimposed higher-frequency 
component is increased for the condition when n is 
large, the minor loops will first appear in the region 





(s0s.n) - 


where =" 0. The two limiting cases are 
h=h,sin wt+h, sinn wt 

to give a minor loopsituated at themajor-loop tip and 
h=h, cos wt+h, cos n wt, 


to give minor loops on either side of the 
major-loop tip. The magnetising force wave and 
loop for each of these conditions is shown in Figs. 
11 (a) and 11 (6). It should be noted that the 


dh 
condition - — 0 does not specifically define the 
start or finish of a minor loop. For the second case 
dh 
(Fig. 11 (6)) a7 0 also gives the condition for peak- 


magnetising force H,,. The minor loops will then 
start to be formed when nwt=-+r7. As the 
values of h, are increased the minor-loop forma- 
tion for both cases extends down the major 
loop until finally all the (m — 1) minor loops are 





formed. 





ALL. 
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It can be readily shown that for the magnetising 
force wave to be re-entrant in the neighbourhood 


“ENGINEERING” 





of Hmmax. the value of h,, must be > = , or expressing 
the higher-frequency magnetising force h,, as ie 
where k = re , this gives the condition that k > - 


1 “ge 
for a re-entrant h wave ; the corresponding condition 
for a re-entrant magnetising force wave at all points 


is that k>+. 


Consider the conditions when n = 2. For minor- 
loop formation to occur anywhere on the major 
loop the value of k must therefore be greater than 
0-5. To illustrate the range over which minor 
loops are formed and the variation of the peak- 
magnetising force and its position with variation of 
k, Table I, page 699, gives these for various values of 
k, when a core is subjected to a magnetising force 


h=h,sin wt+h,sin2wt, 
= h, (sin wt + ksin 2wt). 


Similar conditions may be obtained for the case 
when n = 3. To enable minor loops to be formed 
anywhere on the major loop the value of k must 
be greater than 0-333. In this case two minor 
loops will be formed and Table II gives the values 
of the peak-magnetising force H,,, wt and wf, (the 
start and finish of the first minor loop) for values 
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Fie. 13. h=h,(coswt + kcos2 wt), 
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Fig. 11. (b) h=h, cos wt +h, cos nwt 





90 deg. in the phase angle ¢. 
Variation of Core Loss.—To illus- 
trate fully the variation in the core 
loss components and the total loss 
for various conditions of combined 
magnetisation, a series of tests was 
carried out with various values of 
magnetising-force components. To 
enable the phase angle ¢, equation 
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of k when the magnetising force is 
h = h, (cos wt + k cos 3wt) 


=, sin (ot +7) 4+ ksin 3ut]. 


Consider the magnetising force waves for each 
of these conditions when n =2 and 3. In each 
of the Figs. 12 to 15 typical conditions are given 
for combined magnetisation of a magnetic material. 
The magnetising-force waves and resulting loss 
loops are shown. 

From Figs. 12 to 15 it can be clearly seen that 
the core conditions are altered appreciably as the 
Phase angle ¢ in equation (4) is altered. The loops 
shown in these figures define the limits of the change 
mM core conditions with ¢, i.e., for the case when 
n=2 a phase angle change of 180 deg., and for 
n = 3, a change of 120 deg. will give the complete 
cycle of core conditions which may be obtained 
under combined magnetisation for these values of n. 


F (4), to be controlled, it is necessary 
/ to utilise supplies of which the fre- 
quencies are locked to one another. 
The necessary circuits, etc., to enable 
50- and 100-cycle* and 50- and 150- 
cycle supplies to be obtained practically with 
provision for accurate and easy change of phase 
were developed, and are described elsewhere. 

The cores were magnetised under sine-current 
conditions throughout these tests. While it is 
realised that this condition of magnetisation is not 
usual in practice, the choice of test method rests 
between sine flux or sine current, with the normal 
practical condition between these two ideals. Under 
combined magnetisation the test method used, 
i.e., back-to-back connection, is better suited to the 
use of sine currents. With the coils in series as in 
Fig. 16, page 700, although sinusoidal supply voltages 
could be obtained, the individual core voltages and 
hence the flux would not be sinusoidal even though 
the vector sum of the voltages across the two cores 
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* Where frequencies are expressed in cycles, cycles 
Per sec. are to be understood throughout this paper. 

t Sutherland, W. D., Thesis, Glasgow University, 
1953. 
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“, / / For the case when n = 2, due to,would add together to give the sinusoidal supply 
/ F loop symmetry, all core conditions| voltage. Hence to utilise fully the back-to-back 
Pg i will be obtained from a variation of | method of connection, the two cores should have 


their windings series-connected and energised under 
sine-current conditions. 

The tests were carried out by energising the cores 
with magnetising-force components at frequencies 
of 50 cycles and 100 cycles for the first set of results 
and 50 cycles and 150 cycles for the second. The 
































TABLE I. 

k wt* wt’t Hm 
0 = 90 deg. hy 
0-1 — 79 deg. 13 min. 1-018A, 
0-2 -- 71 deg. 24 min. 1-069, 
0-3 oo 66 deg. 10 min. 1-135/, 
0-4 = 62 deg. 6 min, 1-215h, 
0-5 180 deg. 60 deg. 1-3h 
0-6 161 deg. 48 min, | 58 deg. 8 min. | 1-386h, 
0-7 155 deg. 30 min, | 56 deg. 19 min. 1-476h, 
0-8 151 deg. 24 min, | 55 deg. 32 min. 1-57h, 
0-9 149 deg. 19 min. | 54 deg, 42 min. 1-66, 
1-0 147 deg. 40 min, | 53 deg. 33 min. 1-76h, 

Very large 
= % 135 deg. 45 deg. nh, 
* wt gives the start of the minor loop. 
t wt’ gives the position of Hm. 
TABLE II. 

k wt wt Hy, 
0 = = 1-0h, 
0-333 90 deg. 90 deg. 1-333h, 
0-4 78 deg. 31 min, | 101 deg. 29 min. 1-40h, 
0-5 72 deg. 44 min. | 107 deg. 16 min. 1‘50h, 
0-6 70 deg. 31 min, | 109 deg. 57 min. 1-60h, 
0-7 68 deg. 36 min, | 111 deg. 24 min, 1-70h, 
0-8 67 deg. 31 min. | 112 deg. 29 min. 1-80h, 
0-9 66 deg. 38 min. | 113 deg. 23 min. 1-90h, 
1-0 65 deg. 56 min, | 114deg. 4 min, 2-0h, 

Very large 
n 60 deg. 120 deg. nh, 
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Fig. 16. BASIC CIRCUIT DIAGRAM. 
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, Fig. 18. Variation of Wey [h=h, sin (wt+) +h, sin 2wt] 
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. 17. VARIATION OF TOTAL CORE LOSS. 
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variation of the three loss values, the input power 
to one core at each frequency and the total input 
power to that core are shown graphically to a base 
of relative phase angle in Figs. 17 to 19 for the 
50-cycle and 100-cycle cases. 

Consider first conditions when n=2. The 
variation in loss values are shown for various 
values of I,o, when I;, = 0-6A (Hs. = 109 ampere 
turns per metre) and also for two values of [yo 
when I,, = 0-3A. The individual 50-cycle loss 
value obtained when the higher-frequency term 
is absent is also shown in Figs. 17 and 18, and in 
Fig. 19 the corresponding single-frequency test 
results are shown for the 100-cycle case. It is 
seen from Fig. 17 that under combined conditions 
the total core loss for all phase angles is greater 
than the loss obtained when the low-frequency 
term is acting alone. The effect of the change 
in phase angle causes the loss to vary between 
wide limits. The minimum total core loss occurs 
when ¢ = 45 deg. (approximately), which is also 
the condition for minimum magnetising force. 
The variation in the total core loss is relatively 
small in comparison with the change in the low- 
frequency loss component. 

The variation in the lower-frequency term is of 
most interest, especially the conditions under which 
the loss value is reduced below the single-frequency 
loss value. From Fig. 18 it is seen that there are 
two distinct regions of operation for phase-change 
effects, the first applicable when the core is operating 
below saturation (I,;, =0-3A), and second when 
it is operating well into the saturated region 
(Ig = 0-6A). In the first region a reduction in 
Wyo occurs when the 100-cycle component is small 
(Iioo = 0-15A), but when this is increased to 0-3A, 
no reduction in loss occurs. Quite the reverse 
occurs in the second region, where on increasing 
Too the minimum value of W,, is reduced. 





The variation in the 100-cycle loss component 
with phase angle is much smaller than in the 
50-cycle case. For the larger values of I, the 
loss under combined conditions is less than the 
corresponding single-frequency value, provided the 
core is Operating in the saturated region. When 
the low-frequency value is reduced, it is found that 
the individual 100-cycle loss value for Hy) = Hyp 
is the mean value of the loss obtained under com- 
bined magnetisation. For smaller values of H 4, 
the loss is greater than obtained in the single- 
frequency test. As previously, the core conditions 
determine whether the higher-frequency loss term 
is increased or decreased when the same sinusoidal 
magnetising force acts under combined conditions. 
When the core is operating in the saturated region, 
there will be a reduction in this loss term. (See 
Fig. 19.) It must be noted that conditions are 
considered in the range Ho, <Hyo. If Higg > Heo 
the above conditions no longer apply since in the 
limit when H,, > 0, there will be no change in the 
higher-frequency loss terms. 

When the total core loss is obtained with given 
values of magnetising force and the cores are 
operating under single-frequency magnetisation, it 
is seen that the sum of these values is always 
greater than the minimum loss obtained with the 
same magnetising force components under combined 
magnetisation. When the 100-cycle component is 
small in comparison with H,, there is very little 
difference between the individual sum of W,, and 
Woo, and the minimum value obtained under 
combined magnetisation conditions. 

When the 50-cycle component is large enough 
to take the core into the saturated region, the total 
loss under combined conditions is less for all phase- 
angle values than the sum of the single-frequency 
values for large values of H,),. For the case when 
H,, is small, the minimum loss under combined 
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conditions is less than the sum of the individual 
loss values, but as the relative phase angle of the 
components is altered, the combined loss becomes 
greater than the sum of the individual losses. This 
would be expected since, if the core is operating 
below the saturation region, an increase in 
magnetising force will cause a large increase in 
flux density with a corresponding increase in loss. 
When the cores are subjected to combined mag- 
netisation at 50 cycles and 150 cycles similar results 
are obtained. 

General Comments on Loss Variations.—When an 
iron circuit is subjected to combined magnetisation 
at two frequencies which are integrally related, the 
core loss which is obtained cannot be directly 
estimated from single-frequency test results. In 
addition to the variation in loss from single- 
magnetisation to combined-magnetisation condi- 
tions, the relative phase of the two magnetising 
forces affects the magnitude of the core loss obtained. 
If the ratio of the frequencies is about 5 or 10:1 
then this further complication due to phase becomes 
so small that it may be neglected. The total 
core loss under combined conditions is greater than 
either of the components when acting alone, while 
the variation of the total core loss is not so great 
as the variation in the lower-frequency term. The 
variation in the loss components is also dependent 
upon whether the core is operating in the saturated 
region or not. As the higher-frequency term 1S 
increased, there is a reduction in the low-frequency 
loss provided the core is in the saturated region. 

(To be continued.) 





Or ProsPEctine IN NicERIa.—A small indication 
of oil has been encountered in a test well being 
drilled in the Calabar province of Eastern Nigeria by 
the Shell D’Arcy Petroleum Development Co. © 
Nigeria, Ltd. 
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MECHANISM FOR VARYING 
THE MECHANICAL RATIOS 
OF AIRCRAFT CONTROL 
SYSTEMS. 


A MECHANISM has been developed recently by 
Boulton Paul Aircraft, Limited, Wolverhampton, 
for altering the ratio of the angular movement of 
the pilot’s control column to that of the control 
surface during flight, so that at high speed the 
response of the aircraft to small movements of the 
pilot’s controls may be rendered less sensitive, 
while at low speed the full range of control surface 
movement is still available. The principle of the 
mechanism, which is quite simple, is shown in the 
accompanying illustration. The fork-and-eye joint 
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linking the two control rods a and 6, which are 
approximately at right angles, is constrained to 
move along a ramp, the angular setting of which 
can be varied. Thus, when the ramp is set at 
45 deg. to the rods a and b, a vertical displacement 
of a will produce an equal horizontal displacement 
of b. If the angle of the ramp to the horizontal is 
increased, the horizontal movement of } will be less 
than the corresponding vertical movement of a; 
thus the ratio between the angular movements of 
the pilot’s control and the control surface has 
been increased. 

In one application, a range of angular ratios from 
1-to-1 to 8-to-1 is provided. The ramp, a rectan- 
gular-section tube slotted centrally on its lower side, 
is pivoted centrally, and its setting about the 
pivot can be varied by a manually-operated screw- 
jack which acts on a lever arm projecting from the 
ramp. The screw-jack is operated through a flexible 
cable by a handwheel in the cockpit. The fork-and- 
eye joint between the connecting rods a and b 
projects into the ramp slot and is guided in the slot 
by rollers on either side. The ramp can, if desired, 
be shaped to form a curved path. 

With the limited range of control-surface move- 
ment available at*high gear ratios, the condition 
may arise that an appreciable amount of the move- 
ment may already be taken up in trimming the 
aircraft, leaving insufficient surplus movement 
available for control. To solve this difficulty, 
Boulton Paul Aircraft have introduced a datum- 
shift mechanism whereby a link in the control run 
leading to the control surface can be shortened or 
lengthened, thus altering the datum position 
required for trim and leaving the full range of 
movement on either side of the datum available for 
control. The mechanism comprises an externally- 
splined turnbuckle engaging with an internally- 
splined wormwheel surrounding the turnbuckle 
barrel. Operation of the wormwheel, either by 
hand or by power, causes the turnbuckle barrel to 
Totate, thus increasing or decreasing the length 
of the link. The turnbuckle is free to slide longi- 
tudinally along the splines in response to normal 
control movements. 

In a variable datum-shift mechanism for a 
pair of elevons, separate control rods, ramps and 
datum-shift units are provided for each elevon, 
but the ramps are rigidly coupled. The wormwheels 
Operating the two turnbuckle barrels are driven, 
through two worm shafts, by a single reversible 
electric motor. The worm shafts are directly 





coupled for longitudinal control movements, and are 
connected through a reversing gear for lateral control 
adjustments. The datum-shift mechanism is oper- 
ated by switches on the pilot’s control column—a 
two-position sliding switch for longitudinal trimming, 
and two push-button switches for lateral trimming. 
The latter switches, in addition to switching on 
the motor in forward or reverse, also cause a 
solenoid-operated clutch to disengage the direct 
coupling between the two worm shafts and engage 
the reversing gear. Limit switches cut out the 
motor when adjustable stops are encountered. 
These stops are interconnected with the gear-change 
mechanism so that the amount of datum shift 
available is regulated in accordance with the ratio 
selected. Over-riding mechanical stops are also 
provided. 





STEELMAKING RELATED 
TO BLAST-FURNACE 
PRACTICE.* 

By James MircHeEtt, C.B.E. 


WE hear a lot to-day of productivity “ per man ” 
and “ per unit.”” A much more just way of looking 
at the facts of the case would be to have, if it were 
practicable, a formula which would represent 
effort expended per ton of steel produced. The 
thousand-ton per day blast furnace which handles 
a rich ore and consequently runs at a low coke rate 
is doing much less, in fact, in the way of productive 
effort than a 500-ton per day blast-furnace running 
on a low-grade ore with high slag volumes and 
consequent high coke rates. The one producer is 
perhaps handling something under three tons of 
material per ton of iron against the 4 to 4-5 tons 
required by his less fortunate neighbour. The worst 
possible basis for a study of productivity, to my 
mind, is through the medium of arithmetic. The 
recent report of the Iron and Steel Productivity 
Committee, for instance, recommended not less 
than 25-ft. hearth blast furnaces for rich ores and 
27-ft. hearth blast furnaces for poorer material, but, 
before adopting such recommendations, it is surely 
necessary to know whether, in fact, this approach 
would give the best ultimate economic results. There 
is a case for the multiplication of units rather than 
for the increase in unit size, and there are many 
plants where flexibility of operation can be shown to 
yield such large dividends that an approach based 
exclusively on productivity and capital costs is not 
necessarily correct. I have mentioned blast fur- 
naces particularly, but similar remarks apply also 
to steel furnace units. 

The steelmaker asks three things from the 
blast-furnace operator, namely, (i) a regular supply 
in quantities appropriate to the size of his plant 
units and the rate of his operation; (ii) an iron of 
suitable composition for his process; and (iii) uni- 
formity of product from day-to-day and, indeed, 
from cast-to-cast. The first of these requisites is 
determined, or should have been, when the plant 
was planned in the first place. If mixers or mixer- 
type ladles are included in the general scheme, there 
is less need for great rigidity in this direction. 

On the question of the composition of the iron 
to be sent forward to the steel works, there is, in 
fact, not very much which the blast-furnace operator 
can do inside the limits of each particular case. The 
blast-furnace operation may certainly be a concen- 
tration, but it is not a purification process. I 
suppose an iron specification from the steelmaker 
to the blast-furnace operator would be on the 
general lines “as little of everything, except iron, 
as possible.” 

The third requirement mentioned, uniformity 
of composition from cast to cast, is perhaps the 
most difficult of attainment. With all the steps 
which have been taken and with all the improve- 
ments which have been adopted, it has to be 
admitted that, especially in the matter of silicon and 
sulphur, the day-to-day composition of the irons 
from any one blast furnace leaves much to be 
desired. The biggest step forward which has been 





* Fourth Dorman Long Harold Wright Lecture delivered 
before the Cleveland Scientific and Technical Institution, 
Middlesbrough, on Thursday, November 12, 1953. 
Abridged. 








taken in recent years is undoubtedly in the realm of 
ore preparation. 

The last few years have seen such rapid develop- 
ment in the evolution of the basic Bessemer process 
that it is perhaps worth while stressing the fact 
that, for many purposes hitherto regarded as outside 
its orbit, this process should have serious considera- 
tion as an alternative steelmaking method to the 
basic open hearth and, particularly, to the large 
tilting-furnace operation. It may seem strange 
that one should have to stress this fact in what was 
the home of the process in this country, but it does 
not seem to be generally realised that it is now 
possible, with no more control than is normally 
applied to open-hearth operation, to secure results 
from the basic Bessemer process which are equal 
in all respects, so far as quality is concerned, to 
those obtainable by the open hearth. The produc- 
tion of low-nitrogen deep-drawing steels and 
materials of similar grades in large tonnages is now 
established practice. It is worth recording that the 
average nitrogen content of the steels produced by 
one of the new Bessemer variations is about half 
of that found in ordinary commercial open-hearth 
material. 

It cannot now even be argued that the basic 
Bessemer process cannot assimilate scrap, as, with 
the temperature control attainable with oxygen 
enrichment, this difficulty can be overcome, at least 
to the point of internal uprising scrap in any 
ordinary steelworks. Any limitations on the use of 
this process cannot now be based on technical 
grounds. 

A comparison in economics can conveniently be 
based on the differences between the ferrous 
material and the conversion cost. The Bessemer 
process cost for fluxes and fettling is almost four 
times that of the open hearth, but, against this, the 
open hearth is substantially higher in fuel, mainten- 
ance and mixer costs. The Bessemer process has 
also a considerable advantage in slag credits. 
Most other conversion items (wages, etc.) are similar. 
Taking all these variations into account, it can be 
shown that there is a difference in conversion costs 
to-day, ignoring capital charges, of at least 30s. per 
ton in favour of the Bessemer method. It is against 
this 30s. per ton that one must consider the differ- 
ences in material cost, arising from the yield of the 
two processes. If we assume that the Bessemer 
yield is 90 per cent. and the open-hearth yield 
100 per cent., the two processes should break even 
in ingot cost at an iron cost of 15l. per ton. In so 
far as scrap is employed in the Bessemer process. 
(additions up to 20 per cent. are now quite practic- 
able with oxygen enrichment), the iron cost could 
thus be higher and still give equality in ingot cost. 
With the newer oxygen enrichment practices too, 
oxides can be used in the converter, thus bringing 
the yields into line with the open hearth. 

These figures are, of course, approximations, but. 
what I do wish to stress is that the saving on con- 
version in the Bessemer process can cover, under 
suitable conditions, the difference in yields in 
favour of the open hearth. Below a certain iron 
cost, therefore, the Bessemer process gives a cheaper 
product than the open hearth, but a very careful 
assessment is required of material available and 
practice employed before a final decision could be 
arrived at in favour of the one or the other process 
on economic grounds. So far as this country is 
concerned, the group of irons containing phos- 
phorus 0-5 per cent. to 1-5 per cent is probably, 
especially in the future, of greatest importance, not. 
only from the point of view of total tonnage, but 
also because of the metallurgical problems which 
it presents. 

In view of the new flexibility of the basic Besse- 
mer process, as regards quality of product, it is 
doubtful if, in planning a new plant, even with a 
high iron: scrap ratio, one would be justified in 
adopting duplexing as the basis of the entire opera- 
tion. Experience shows that a blown metal can be 
delivered to the open hearth for finishing at about 
30s. per ton less than the cost of basic Bessemer 
ingot made from the same iron, but I doubt if 
anyone here would be prepared to operate an open- 
hearth furnace and make finished steel for 30s. per 
ton of product, even with blown metal as the start- 
ing point. In other words, the duplex ingot will 
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inevitably be higher in cost than the Bessemer 
ingot made directly from the same iron. There are 
cases, notably in electric-furnace finishing practice, 
where the savings achieved in power and electrode 
cost make the system attractive, although these 
disappear when low-cost suitable scrap is available. 

There is, however, another solution to the problem 
of intermediate-phosphorus irons, which, to my 
mind, has possibly not received the attention which 
it merits. One is entitled to ask whether we are, 
in fact, right in assuming that, in any one plant 
unit, the steelmaking practice should be of a 
standardised nature. Where blast furnaces and 
steel works are depending on a mixed variety of 
ores, with varying phosphorus contents, it is possible 
that the tonnage of each type available could be 
segregated in order to produce two distinct types 
of iron, each suitable for a different method of 
steelmaking. It is realised, of course, that there 
are practical difficulties in operating two practices 
in any one melting shop, but the ultimate gain on 
economics would probably be well worth while, at 
least as a temporary measure until some more 
efficient way of dealing with pig iren contain- 
ing 0-5 per cent. to 1-5 per cent. phosphorus is 
evolved. 

You may feel that these remarks and conclusions 
are in the nature of limitations to existing processes 
and practices. It is only by recognising frankly 
that no further progress can be made in any par- 
ticular direction beyond a certain point that we 
can hope to strike out in new directions and make 
ultimate progress in the development of our 
industry. I would not have you think that any- 
thing I have said or any conclusions at which I have 
arrived are intended as a direct criticism of what 
has been done, what is being done and what is 
projected in any specific district. One cannot 
detail a national plan on national averages. 





MERCURIAL FLOW METERS. 


A NEw range of meters in which the “ presenta- 
tion”? mechanism, i.e., the casing and front 
mechanism including recording, integrating, indi- 
cating and automatic control systems, is standard- 
ised, is being introduced by George Kent, Limited, 
Luton, Bedfordshire. The first of the new ‘“‘Com- 
mander”’ meters is the KU mercurial flow meter 
for measuring the flow of oil, water, air, gas, steam 
and most industrial liquids; it operates in con- 
junction with a Venturi tube, Dall tube or orifice 
in the fluid pipeline. The mercury chambers are 
steel forgings designed to receive maximum differ- 
ential pressures of 25 in., 50 in., 100 in., 200 in., 
400 in., or 600 in. of water. The maximum working 
pressure of the 25-in. chamber is 250 lb. per square 
inch, and of all the other chambers, 2,000 Ib. 
per square inch. Special joints are employed on the 
chambers; the nuts can be tightened with the 
fingers to hold the full test pressure (twice the 
working pressure). 

In the downstream chamber, a float rises in 
response to an increase in differential pressure. 
‘The movement of the float is carried to the 
“presentation”? mechanism through a _ grease- 
packed leather gland; a jewel thrust bearing is 
provided for the gland spindle. The control head, 
easily removed, is a standard unit. The range of 
differential pressure is readily changed, on site, 
by fitting a new mercury up stream chamber and 
U-tube. An adjusteble throttle valve in the down- 
stream leg of the U-tube damps out flow pulsations, 
and overload valves prevent the loss of mercury 
resulting from excessive or reverse loads. 

The presentation mechanism includes two pens 
and a pointer. The second pen records pressures 
detected by a calibrated Bourdon tube mounted 
in the case. Over-range protection is provided 
for the pens in both directions. When the meter 
door is opened, the pens and pointer are auto- 
matically lifted from the chart to facilitate chart 
changing. The charts, conforming with British 
Standard Specification, may be decimal or direct- 
reading, and for daily or weekly rotation, using a 
mechanical or electrical clock. 

The integrator, a separate pre-calibrated unit, 
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may be electrically or mechanically driven. The 
electrical integrator has a large five-figure cyclometer 
counter, a range of up to 10 to 1, a minimum step 
error, and is unaffected by vibration. The mech- 
anical integrator employs a direct linkage operating 
a tractor-wheel frame in place of the conventional 
cam, thus greatly reducing the power absorbed. 
The instrument frame is provided with a fitting 
for wall or post mounting as an alternative to 
panel mounting. The case and door of the meter 
are aluminium die-castings. With the door open, 
the mechanism is masked by two easily removable 
plates, the lower forming the chart platform and 
also carrying the meter data plate. 





CONTRACTS. 


THE GooLE SHIPBUILDING AND REPAIRING Co., 
Lrp., Goole, have received an order for a single-screw 
motor trawler from the Boston Deep Sea Fishing and 
Ice Co., Ltd., Fleetwood. The vessel will measure 
128 ft. by 26 ft. 6 in. by 13 ft. moulded depth, and will 
be fitted with a Diesel engine of 750 b.h.p. at 250r.p.m., 
by Mrrr.EEs, BICKERTON AND Day, Ltp., Hazelgrove, 
Stockport. 

Sotus-Scuatt Lrp., 18-22, New Cavendish-street, 
London, W.1, have obtained the contract for the 
radiography of pipelines and tanks in the refinery 
under construction for the Anglo-Iranian Oil Co., at 
Kwinana, Western Australia. A radiographer and 
equipment have been flown to Australia for the work. 

Cowans, SHeLpon & Co., Lrp., Carlisle, are to 
provide a 70-ft. locomotive turntable at Cleethorpes 
Station, Eastern Region, British Railways. 

THE Nortu British Locomotive Co., Lrp., Spring- 
burn, Glasgow, have received an order from British 
Railways for five Diesel-hydraulic shunting loco- 
motives. These are to be similar to three ordered 
previously, two of which have already been delivered. 

THE Distincton ENGINEERING Co., Lrp., Working- 
ton, Cumberland, have secured orders for 600 mine 
cars for the South Wales coalfield and 350 for the 
South-Eastern Division of the National Coal Board. 
The latter are for the Betteshanger Colliery, Kent, 
and are to be delivered by the end of re 4 1954. 
Some of those for South Wales are to be delivered 
next year and some in 1955. 
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HOLLOW-FORGED BOILER 
DRUMS. 


For a number of years the English Steel Corpora- 
tion Limited, River Don Works, Sheffield, 9, have 
specialised in the manufacture of one-piece hollow 
forged drums with integral closed-in ends. The 
largest of these yet made in their works left Sheffield 
on November 10, bound for a new power station 
on Tyneside. The finished drum has a length of 
42 ft., an outside diameter of 6 ft. 2} in., and an 
internal diameter of 5 ft. 6 in. It has been tested 
to withstand a pressure of 1,740 lb. per square inch, 
although the working pressure will be 1,160 lb. per 
square inch, and when ready for dispatch it weighed 
63 tons. To make the forging, a 152-ton billet 
was produced from an ingot of 217 tons, made from 
steel produced in three large open-hearth acid 
furnaces. The forging operation was carried out 
under a 7,000-ton electro-hydraulic press working 
at a pressure of 2} tons per square inch. To deal 
with a forging of such dimensions, machine tools of 
exceptional size and capacity are naturally required. 
Among these is a 72-in. lathe capable of taking 
drums up to 60 ft. in length. It is driven by 4 
450-h.p. and other motors and is able to remove 
four tons of steel in the form of turnings in an hour. 
Another machine tool, a double-ended boring 
machine 190 ft. in length will bore simultaneously 
two drums up to 7 ft. in diameter. 

Recently, a similar but smaller drum, 5 ft. in 
diameter and also 42 ft. in length, was dispatched 
to the same power station. This was notable in 
that it contained 81 nozzles. The two drums, which 
are shown in the illustration above, comprise 
the first of four similar sets now being made by 
the English Steel Corporation for the British 

ectricity Authority’s two new power stations on 
the north and south banks of the River Tyne. The 
drums will be suspended at a height of more than 
100 ft. above floor level. The drums have been 
conveyed to their destination by road, the journey, 
by way of Huddersfield, Leeds, and the Great North 
Road, taking three days at an average speed of 
grom 4 to 5 miles an hour. 
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Fie. 3. View across To Dockine Pits. 


STOCKWELL GARAGE, 
LONDON TRANSPORT. 


A NEW garage which the London Transport 
Executive are now bringing into full use at Stock- 
well, London, is designed to accommodate 200 
*buses, with facilities for inspection, fuelling, 
maintenance and repair work, and with operating 
offices, staff rooms, canteen, etc. It is a reinforced- 
concrete structure, with a series of arched ribs 
connected by arched vaults, giving an uninter- 
tupted floor space of 73,350 sq. ft. The principal 
contractors are Lovatt Wilson and Sons, Limited, 
16, Grosvenor-crescent, London, 8.W.1; the con- 
sulting engineer for the reinforced-concrete work is 
Mr. A. E. Beer, A.C.G.I., M.I.Struct.E.; and the 
architects are Adie Button and Partners, in associa- 
tion with Mr. Thomas Bilbow, F.R.I.B.A., architect 
to the Executive. 


CONSTRUCTION OF Main BUILDING. 


The main building is 392 ft. long and consists of 
two-hinged reinforced-concrete frames of 194-ft. 
span and placed at 42-ft. centres. Connecting the 
arched frames and forming the main roof are nine 
reinforced-concrete vaults, having a radius of 27 ft. 
They cantilever from the arch ribs and permit of a 
natural lighting area of 140 ft. by 14 ft. in each 
42-ft. bay. Passing across the roof-lights, at 10-ft. 





centres, are reinforced-concrete ribs, 6 in. wide, 
designed to take care of out-of-balance loading due 
to snow or other loads and thus prevent torsion on 
the main arch ribs. 

All the internal arched frames are 26 in. wide and 
7 ft. deep at the crown, increasing to 10 ft. 6 in. at 
the haunch and decreasing again to 6 ft. at the 
floor level. The two end frames consist of a member 
of the same dimensions as the internal ribs, plus 
an external member 18 in. wide connected to the 
26-in. rib by 12-in. slabs at top and bottom, to 
form a reinforced-concrete box 8 ft. wide. This 
section ensures stability and is designed to with- 
stand any out-of-balance thrust arising from live- 
loading conditions. Below floor level, the rib 
sections are widened out to provide increased 
stability, as the only longitudinal tie between the 
frames is the H-beam carried round the four sides 
of the garage (at a height of 16 ft. above floor level). 
This beam conceals a 9-in. cast-iron rain-disposal 
pipe, a 6-in. sprinkler main, compressed-air and 
water ring mains and electric lighting and clock 
conduits. From it, also, are hung the main 
entrance doors (shown in Fig. 1) and those to the 
docking area. Expansion joints are provided in 
the H-beam on each side of the garage. Where 
the main frames sit on the pile caps, hinges are 
provided, and the thrust arising from arch action 
is taken by steel ties (1}-in. bars coated in bitumen 
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and encased in concrete) connecting opposite pile- 
caps. The load on the piles is about 400 tons. 

The comparatively small section of the main 
frames made it essential to weld the main reinforce- 
ment instead of providing the customary laps, and 
some 1,200 V-butt welds were made in the arch 
ribs and ties connecting the pile caps. The single 
V-type weld was adopted owing to the necessity for 
welding in position the several layers of main bars 
at the most critical section nearest the haunches. 
To minimise the weakness of a possible faulty weld, 
welding points for each layer were staggered and 
the positions arranged as far as practicable away 
from sections of maximum bending moment. 
Concreting of individual sections was carried out in 
accordance with a pre-arranged schedule and 
throughout the main structure concrete was 
delivered by pump and vibrated with immersion 
vibrators. 


PLANT AND EQUIPMENT. 


Lighting was designed by J. H. Coombs and Part- 
ners, 3, Thames Corner, Sunbury-on-Thames, the 
lighting fittings in collaboration with the Metro- 
politan-Vickers Electrical Company, Limited. Move- 
ment lighting over the whole floor area of the main 
building is provided by continuous runs of bare 
8-ft. 75-W Metrovick tubular fluorescent lamps 
following the arch of the main ribs, a run being of 
22 lamps supported by simple shallow box units 
mounted directly on to the ribs, as shown in Fig. 2. 
The average horizontal illumination at floor level is 
substantially uniform, and is between 3 and 4 lumens 
per square foot. To provide maximum natural light- 
ing, the spandrils of the barrels and end arches are 
filled with vertical patent glazing, which is also used 
below the H beam on the elevation shown in Fig. 1. 

The heating, which is thermostically-controlled, 
is by low-pressure hot water circulated by pumps 
from the boiler house, in which the boilers are 
automatically stoked. In the docking area are 
radiant panels in the ceiling, and the pits are individ- 
ually warmed by heating coils. Ventilation of the 
docking area is by clerestory windows over the work- 
shops, but fumes from *bus engines are extracted 
from the pits through underground pipes and 
exhausted to the open air by fans. 

The equipment of the garage will include three 
machines for washing the backs and sides of "buses, 
and one for washing the roofs; vacuum cleaning 
plant; compressed-air plant for the workshops 
(at 90 lb. per square inch) and for tyre inflation 
(200 Ib. per square inch); refuelling and engine-oil 
installations ; and various machine tools. 

Sub-contractors other than those mentioned 
above included the Cementation Company, Limited 
(foundations) ; Concrete and Structural Products, 
Limited (structural steel) ; Mellowes and Company, 
Limited (glazed partitions, windows, etc.) ; Williams 
and Williams, Limited (patent glazing); G. N. 
Haden and Company, Limited (central heating) ; 
and Prior Stokers, Limited (boilers). 
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NOTES ON NEW BOOKS. 


Résistance des Matériaux. 


By Proressor G. MANUEL. Dunod, 92 Rue Bona- 

parte, Paris, (6e). [Price.1,860 francs.] 
RATHER more than half of this introductory course 
in the strength of materials is devoted to the theory 
of elasticity, which provides its essential scientific 
foundation. Preliminary consideration is given to 
the strains produced in homogeneous, isotropic, 
perfectly elastic solids by the application to them 
of standard types of stress and to the definitions 
of the corresponding moduli of elasticity, together 
with the Mohr circle diagram, of which considerable 
use is made. The major part of the text is con- 
cerned with beams, as these form part of practically 
all structures. The theory of their elastic deforma- 
tion is thoroughly treated, and calculations based 
on energy considerations are dealt with by the aid 
of theorems due to Clapeyron, Maxwell and Castig- 
liano. The reference on page 55 is to the figure 
of section 2.611, not 2.621, as stated. Chapter V 
deals with the elastic stability and critical loading 
of columns under compression or subject to torsion, 
together with the buckling of thin plates. Unlike 
the theory of elasticity, in which ideal solids can 
be postulated, the strength of materials has to 
deal with real solids, many of which are by no means 
homogeneous or isotropic, and in which the beha- 
viour under stress depends to some extent upon 
their past history. The mechanical properties of 
materials and the conditions under which they may 
suitably be employed are reviewed in two chapters 
which include the effect of repeated stresses, fatigue 
and an interesting discussion on criteria of plasticity 
and rupture. Among the experimental techniques 
described are the use of strain gauges, photo- 
elastic investigations, and studies based on elastic 
membranes and the electrolytic tank. A short 
account is given of composite materials including 
reinforced concrete and the sandwich panels now 
extensively used in aeroplane construction. An 
appendix outlines the theory of framed structures. 
The care taken to point out the underlying assump- 
tions and to indicate the extent to which they are 
justified in practice are commendable features of 
Professor Manuel’s exposition. 


Indian Railways: One Hundred Years, 1853-1953. 


By J. N. Saunt. The General Secretary, Indian 

Railway Conference Association, Chelmsford-road, 

New Delhi, India. [Price 15 rupees or 25s. net.) 
To mark the centenary of railways in India, a 
Centenary Exhibition was held at New Delhi 
earlier this year, at which numerous locomotives 
and rolling stock, and many models of yards, 
workshops, etc., were on view. The exhibition 
grounds covered 30 acres and many additional 
stands were occupied by British, Indian and 
Continental makers of railway equipment. Also to 
mark the centenary, Mr. J. N. Sahni has written 
this book for the Ministry of Railways of the 
Government of India, tracing the history of the 
Indian railways from April 16, 1853, when the first 
public service began, between Bombay and Thana, 
a distance of 21 miles, until to-day when the 
Government of India operates nearly 34,000 miles 
of route-mileage. The author devotes a chapter to 
the assumption of control by the State, which 
began in 1922 and which has culminated since 
Partition in the disappearance of familiar names and 
the appearance of regional names, such as the 
Northern, Southern, and Western Railways. An- 
other chapter deals with the construction of the 
Chittaranjan locomotive works and the new city 
of Chittaranjan, which together cover over seven 
square miles and have cost approximately 
11,000,000/. The book is informative and factual, 
and covers bridges, signalling, coaches, wagons, hill- 
railways and the revolution consequent upon the 
introduction of electric traction, particularly on the 
Western Ghats section with its ruling gradient of 
1 in 37. The author concludes with a chapter 
entitled ‘‘ Looking Ahead,” in which he observes 
that the most serious problem facing the railways 
is still the task of rehabilitation and making adequate 
provision for new equipment. 








PORTABLE OXYGEN 
GENERATOR. 


A PORTABLE plant for the production of oxygen, 
which is similar in some respects to a calcium- 
carbide acetylene generator and is intended for use 
where supplies of oxygen from traditional sources 
are scanty or costly, is now obtainable from K.W. 
Chemicals, Limited, Kern House, 36-38, Kingsway, 
London, W.C.2. The Oxybloc oxygen generator, 
shown in the accompanying illustration, consists 
of a steel retort with cooling ribs mounted over a 
scrubbing container connected to an oxygen 
storage cylinder fitted with control and regulating 
devices. The oxygen is produced by igniting 
cylindrical blocks of compressed chemicals, called 
“candles,” in the retort. The gas evolved is 
passed down into the scrubber where it is purified 
and oxygen of 99-5 per cent. purity is finally 














delivered into the storage cylinder. A normal 
charge of four candles is consumed in about 15 
minutes, producing 35 cub. ft. of oxygen at a 
commencing pressure of about 200 lb. per square 
inch. 

A check valve prevents the gas from re-entering 
the retort, which can be refilled even if the tank is 
not empty, thus ensuring a continuous production 
of oxygen. Ignition is induced in the uppermost 
candle, before placing the charge of four in the 
retort, by holding a lighted match to some of the 
powdered chemical to start the reaction. 


The generator is designed to meet the needs of 
exploration and prospecting parties and for repair 
work, and is stated to be already in use in the 
maintenance shops of garage proprietors, farmers 
and others in various parts of Africa. The overall 
dimensions of the machine are 61 in. by 21 in. by 
31 in. and its net weight 265 lb. By means of 
the handles fitted to the generator it can be loaded 
without difficulty into a light lorry or van and 
transported from place to place as required. Candles 
are delivered in steel drums, each holding 40 
and sufficient to produce 350 cub. ft. of oxygen. 
The drum also contains the necessary chemicals for 
gas purification. Its gross weight is 100 lb. 


BOOKS RECEIVED. 


Nigeria. Annual Report of the Department of Civil 
Aviation for 1951-52. The Government Presses, Lagos, 
Kaduna, Enugu, and Ibadan; the C.M.S. Bookshops, 
Lagos and Port Harcourt; the S.I.M. Bookshop, 
Jos; and the Crown Agents for the Colonies, 4, Mill- 
bank, London, S.W.1. [Price 9d. net.] 

British Industries. Oil. Cassell and Company, Limited, 
37-38, St. Andrews Hill, London, E.C.4. [Price 
8s. 6d. net in cardboard covers, 9s. 6d. net clothbound. | 

Locomotive and Train Working in the Latter Part of the 
Nineteenth Century. By E. L. AwmRONS. Vol. 5. 
W. Heffer and Sons, Limited, Cambridge. [Price 
15s. net.) 

Industrial Inorganic Analysis. By DR. RoLanp §. 
Youne. Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 36s. net.] 

The Chemical Industry, Past and Present. By Dr. 
TREVOR ILLTYD WILLIAMS. Penguin Books, Har- 
mondsworth, Middlesex. [Price 2s.] 

Der Stahlbetonbau. By CarL KERSTEN. Part 1. 
Ausfiihrung und Berechnung der Grundformen. Nine- 
teenth edition, edited by Kurt MIEssLER. Wilhelm 
Ernst und Sohn, Hohenzollerndamm 169, Berlin- 
Wilmersdorf, Germany. [Price 16 D.M. in paper covers ; 
19 D.M. bound]; and Lange, Maxwell and Springer, 
Limited, 242, Marylebone-road, London, N.W.1. 
[Price 28s. in paper covers, 33s. 3d. bound.] 

Elements of Heat Treatment. By PROFESSORS GEORGE 
M. Enos and WiiLiAM E. FONTAINE. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 8 dols]; and Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 40s. net.] 

Ultra High Frequency Propagation. By PROFESSOR 
HENRY R. REED and CARL M. RUSSELL. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 9.50 dols.]; and Chapman and 
Hall, Limited, 37, Essex-street, London}; W.C.2. 
[Price 76s. net.] 

50-100 Binomial Tables. By Harry G. Romic.. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 4 dols.]; and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 32s. net.] 

Gas Turbines and Their Problems. By HAYNE CONSTANT. 
Second revised and enlarged edition. George G. 
Harrap and Company, Limited, 182, High Holborn, 
London, W.C.1. [Price 17s. 6d. net.] 

Documentation. By Dr. S. C. BRADFORD. Second 

edition, with an introduction by Dr. JESSE H. SHERA 

and PROFESSOR MARGARET E. EGAN. Crosby 

Lockwood and Son, Limited, 39, Thurloe-street, 

London, S.W.7. [Price 12s. 6d. net.] 

Salt Treatment of Snow and Ice on Roads. Road Note 

No. 18. H.M. Stationery Office, Kingsway, London, 

W.C.2. [Price 6d. net.] 





TRADE PUBLICATIONS. 


High-Speed Photography.—A leaflet entitled ‘“ Time 
Microscopy,”’ issued by John Hadland & Co., Scatterdells, 
Chipperfield, Hertfordshire, describes a high-speed 
cinematography service available to industry. 

Aircraft Fuelling Equipment.—Flight Refuelling, Ltd. 
Tarrant Rushton Airfield, near Blandford, Dorset, have 
issued two illustrated brochures, one of which contains 
detailed particulars of their probe-and-drogue equipment 
for refuelling in flight. The other describes valves, 
couplings and other equipment developed for ground 
pressure-fuelling. 

Electric Motors—Newman Industries, Ltd., Yate, 
Bristol, have published a leaflet giving their range of 
electric motors. Powers range from 7 to 200 h.p. 
Printing Tickets and Labels.—A leaflet published by 
British Unipress Agency, 31, Cricklewood-broadway, 
London, N.W.2, describes their machine for printing 
tickets or labels. Adhesive, tagged or corded blanks 
may be used with a variation in size from % in. by § in. 
up to 2; in. by 3 in. The machine is hand operated, 
and has a capacity of up to 7,000 per hour. 

Air-Operated Recording Controller.—The Cambridge In- 
strument Co., Ltd., 15, Grosvenor-place, London, S.W.1, 
have sent us a pamphlet dealing with an air-operated 
recording controller. This instrument has been designed 
to regulate the supply of reagents to fluids and thus to 
ensure accurately stable pH values or conductivity units 
in effluents and boiler feed water. It can also be used 
to control the oil or gas supply to burners on furnaces 
and autoclaves. 

Load-Distribution Indicator for Ships.—A folder 
illustrating and briefly describing the ‘‘ Lodicator ”’— 
an electrical instrument enabling the safe loading for 
ships’ tanks and holds to be determined easily and 
rapidly by ships’ officers—has been received from 
Gétaverken, Géteborg, Sweden. The instrument shows 
how the load can be distributed to give the best stress 





and trim conditions, and is claimed to be particularly 
suitable for use on tankers. 











